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Article  I. 

On  the  Sofubilily  of  the  Sails  in  Water.     By  M.  Gay-Lussac* 

One  is  astonished,  on  perusing  the  different  chemical  Vorks, 
at  the  inaccuracy  of  our  knowledge,  respecting  the  solubihty  of 
the  salts.  They  satisfy  themselves  with  the  common  observa- 
tion that  the  salts  are  more  soluble  in  hot  than  in  cold  water,  and 
with  the  solubility  of  a  few  of  them  at  a  temperature  usually 
very  uncertain  ;  yet  it  is  upon  this  property  of  salts  that,  their 
mutual  decomposition,  their  separation,  and  the  different  pro- 
cesses for  analyzing  them  depend.  As  a  chemical  process,  the 
solution  of  the  salts  deserves  peculiar  attention ;  for  though  the 
causes  to  which  it  is  due  are  the  same  as  those  which  produce 
other  combinations,  yet  their  effects  are  not  similar.  It  is  to 
be  wished  that  this  interesting  part  of  chemistry,  after  remaining 
so  long  in  vague  generalities,  may  at  last  enter  the  domain  of 
e3:periment,  and  that  the  solubility  of  each  body  may  be  deter- 
zoined.  not  merely  for  a  fixed  temperature,  but  for  variable 
temperatures.  In  the  natural  sciences,  and  especially  in  che- 
mistry, general  conclusions  ought  to  be  the  result  of  a  minute 
knowledge  of  particular  facts,  and  should  not  precede  that 
knowledge.  It  is  only  after  having  acquired  this  knowledge 
tliat  we  can  be  sure  of  the  existence  of  a  common  type,  and  that 
we  can  venture  to  state  facts  in  a  general  manner. 

The  solubility  of  a  body  in  water  depends  upon  two  causes, 
af&nity  and  heat,  or  more  exactly  the  aflinity  of  a  salt  for  water 
varies   with   the   temperature.      Lavoisier,    whose  philosophic 
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spirit  embraced  all  the  parts  of  chemistry,  is  the  first  person  who 
explained  in  a  satisfactory  manner  the  influence  of  heat  in  saline 
solutions.  "  If/'  for  example,  says  this  illustrious  chemist,  "  a 
salt  is  very  little  soluble  in  water,  and  very  fusible  by  heat,  it  i& 
clear  that  such  a  salt  will  be  very  little  soluble  in  cold  water^ 
but  very  soluble  in  hot  water.  Such  is  the  nitrate  of  potash , 
and  above  all  the  hyperoxymuriate  of  potash.  If  another  salt, 
on  the  contrary,  is  at  the  same  time  httle  soluble  in  water  and 
caloric,  it  will  be  little  soluble  both  in  cold  and  hot  water ;  and 
the  difference  will  not  be  considerable.  This  is  the  case  with 
sulphate  of  lime." 

"  We  see  then  that  there  is  a  necessary  relation  between 
these  three  things ;  the  solubility  of  a  salt  in  cold  water,  it& 
solubility  in  boiUng  water,  the  degree  at  which  it  melts  by  heat 
alone,  and  by  the  assistance  of  water.  That  the  solubiUty  of  a 
salt  in  hot  and  in  cold  water  is  so  much  the  greater  the  more 
soluble  it  is  in  caloric,  or,  which  comes  to  the  same  thing,  the 
lower  the  temperature  at  which  it  is  disposed  to  melt." — (Trait6^ 
Elementaire  de  Chimie,  ii.  39*) 

These  principles,  when  we  consider  only  some  particular 
examples,  appear  Just  and  very  clear.  We  conceive  in  fact  that 
if  a  salt  melts  at  212®,  it  will  mix  at  that  temperaturevrith  water 
in  every  proportion,  however  Uttle  affinity  it  may  have  for  that 
'liquid ;  but  they  present  a  great  number  of  exceptions,,  and  ta 
determine  their  degree  of  accuracy  and  their  generality,  it  is 
indispepsable  to  examine  the  solubility  of  a  great  number  of 
bodies. 

The  determination  of  the  quantity  of  salt  which  water  can 
dissolve  is  not  a  veiy  difficult  process.  It  consists  in  saturating^^ 
the  water  exactly  with  the  salt  whose  solubility  we  wish  to  know 
at  a  determinate  temperature,  to  weigh  out  a  certain  quantity  of. 
that  solution,  to  evaporate  it,^  and  weigh  the  saline  residue. 
However,  the  saturation  of  water  may  present  considerable 
uncertainty,  and  before  going  further,  it  is  proper  to  examine  the 
subject. 

We  obtain  a  perfectly  saturated  saline  solution  in  the  two 
following  ways ;  by  heating  the  water  with  the  salt,  and  allowing 
it  to  cool  to  the  temperature  whose  solubiUty  is  wanted  ;  or  by 
putting  into  cold  water  a  great  excess  of  salt,  and  gradually 
elevating  the  temperature.  In  each  case,  it  is  refquisite  to  keep 
the  final  temperature  constant  for  two  hours  at  least,  and  to  stir 
the  saUne  solution  frequently,  to  be  quite  sure  of  its  perfect 
saturation.  By  direct  experiments  made  with  much  care,  I  have 
ascertained  that  these  two  processes  give  the  very  same  result ; 
and  that  of  consequence  they  may  be  employed  indifferently.  I 
shall  ipention  a  few. 

I  carried  into  the  caverns  below  the  observatory,  where  the 
annual  temperature  does  not  vary  more  than  '^th  of  a  degree, 
two  solutions  of  nitre  and  of  sulphate  of  soda  saturated  at  the 
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temperature  of  25°  (77°  Fahr.)  I  placed  at  tlie  same  time  ia 
the  same  place  two  flagons,  one  containing  crystals  of  nitre,  the 
other  crystals  of  sulphate  of  soda,  into  which  1  poured  water  of 
the  temperature  of  8°  (46-3''  Fahr.) ;  so  that  the  hquid  did  not 
cover  the  salt.  After  an  interval  of  a  fortnight,  1  evaporated 
known  quantities  of  each  solution,  and  obtained  the  following 
results : 

Temperature  of  the  cavern  11-67°  (53"  Fahr.) 

Saturated  solution  of  nitre, 

By  cooling,  100  water  contain 22'24  salt 

By  simple  contact 2222 

Saturated  solution  of  sulphate  of  soda. 

By  cooling,  100  water  contain lO-U  salt 

By  simple  contact 10'  14 

Other  experiments  made  by  the  processes  which  I  have 
nsually  employed  to  form  saturated  solutions  gave  me  residts 
whose  differences,  in  general  very  small,  were  sometimes  on  one 
aide  and  sometimes  on  the  other.  1  admit  then  as  a  certain  fact 
that  water  for  a  determinate  temperature  comes  to  the  same 
degree  of  saturation,  either  by  allowins  the  excess  of  salt  which 
it  contains  in  solution  to  precipitate  oy  cooling,  or  by  imme- 
diately dissolving  the  same  salt,  provided  it  remain  for  a  sufficient 
time  in  contact  with  it.  This  result  might  have  been  foreseen, 
for  the  circumstances  in  both  cases  are  rigorously  the  same. 
I  may  likewise  remark,  that  the  volume  of  crystals  which  form  in 
a  solution,  or  which  are  put  into  it,  has  no  sensible  influence  on 
the  term  of  saturation.  This  is  the  consequence  of  the  nature 
of  chemical  affinity  which  acts  only  at  distances  infinitely  small. 

Yet  Dr.  Thomson  found  that  water  retains  more  oxide  of 
arsenic,  when  saturated  by  cooling,  than  when  put  in  contact 
with  the  oxide  witliout  any  elevation  of  temperature  ;  but  the 
reason  I  am  persuaded  was,  that  he  employed  too  little  oxide  of 
arsenic  relatively  to  the  water,  and  that  he  did  not  prolong  the 
contact  sufficiently.  We  perceive  in  fact,  on  a  little  reflection, 
that  saturation  follows  in  its  progress  a  decreasing  geometrical 
progression,  and  that  the  time  necessary  for  completing  it 
depends  upon  the  surface  of  contact  of  the  solvent  and  the  body 
to  DB  dissolved. 

It  happens  often  that  the  solution  of  a  salt  which  does  not 
crystallize,  and  which,  for  that  reason,  we  consider  as  saturated, 
yields  saline  molecules  to  the  crystals  of  the  same  nature  plunged 
mto  it  J  and  it  has  been  concluded  from  this,  that  the  crystals  of 
a  salt  impoverish  a  solution,  and  make  it  sink  below  its  true  point 
of  saturation.  The  fact  is  certain ;  it  is  even  very  general ;  but 
I  am  of  opinion  that  it  has  been  ill  explained. 

Saturation  in  a  sahne  solution  of  an  invariable  temperatate  vi 
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the  point  at  which  the  solvent,  always  in  contact  with  the  salt, 
can  neither  take  up  any  more,  nor  let  go  any  more.  This  point 
is  the  only  one  wnich  should  be  adopted,  because  it  is  deter- 
mined by  chemical  forces,  and  because  it  remains  constant  as 
long  as  these  forces  remain  constant.  According  to  this  defini- 
tion, every  saline  solution  which  can  let  go  ssut  without  any 
change  of  temperature  is  of  necessity  supersaturated.  I  shall 
now  show  that  m  general*  supersaturation  is  not  a  fixed  point, 
and  that  the  cause  which  produces  it  is  the  same  as  that  which 
keeps  water  liquid  below  the  temperature  at  which  it  congeals. 

When  a  liquid,  or  even  an  elastic  fluid,  is  to  become  soHd, 
the  change  does  not  always  take  place  at  the  temperature  at 
which  it  ought  to  happen.  Water,  for  example,  whose  freezing 
point  is  32°,  may,  in  suitable  circumstances,  remain  fluid  10°  or 
20°  below  that  point ;  and  its  boiling,  which  in  a  metallic  vessel 
takes  place  at  212°,  is  very  sensibly  retarded  in  vessels  of  glass. 
The  same  liquid  may  likewise  retain  in  solution  a  greater  quan- 
tity of  carbonic  acid  than  corresponds  with  the  pressure.  Tlie 
efltects  of  this  kind  are  very  numerous  ;  their  intensity  in  deter- 
minate circumstances  ought  to  be  constant ;  but  as  they  appear 
to  depend  upon  the  inertia  of  the  molecules,  which  is  general  in  a 
very  weak  force,  and  which  yields  to  the  slightest  effort,  we  are 
never  sure  of  coming  to  the  point  at  which  this  intensity  is  a 
maximum ;  for  example,  we  have  observed  that  in  some  experi- 
ments water  remained  liquid  18°  below  its  freezing  point,  but 
nothing  indicates  that  it  may  not  preserve  it  in  a  much  more 
considerable  cold.  By  inertia  of  molecules,  which  is  necessarily 
a  vague  expression,  we  must  understand  a  resistance  to  a  change 
of  state  or  equilibrium  which  may  be  produced  by  different 
causes  ;  such  as  the  difficulty  of  a  change  of  place  in  the  mole- 
cules in  a  medium  perfectly  homogeneous  ;  the  viscosity  of  the 
solvent ;  the  conduction  of  heat,  which,  by  opposing  a  resistance 
to  the  disengagement  or  the  absorption  of  neat,  may  maintain 
the  equilibrium  of  the  molecules  ;  and,  perhaps,  also  an  electric 
influence. 

It  is  certain  at  least  that  all  the  effects  of  which  we  have  just 
spoken  may  be  prevented  or  destroyed  by  causes  which  appear 
strangers  to  affinity.  Thus  water  congeals  always  at  32°,  and 
boils  at  212°  nearly  in  glass  vessels,  it  does  not  take  an  excess 
of  carbonic  acid,  or  it  lets  that  excess  go,  when  it  is  agitated. 
It  is  true  that  a  piece  of  ice  introduced  into  water  cooled  down 
below  32°  will  infallibly  occasion  its  crystallization,  in  conse- 
quence of  the  reciprocal  affinity  of  the  molecules  of  water,  which 
is  greater  in  the  solid  than  the  liquid  state.  -  But  this  is  only  an 
additional  method  of  destroying  the  inertia;  and  frequently 
inert  bodies,  particularly  when  they  have  asperities,  produce  the 
same  effect. 

Supersaturated  saline  solutions  have  a  very  great  analogy  with 
water  cooled  down  below  the  freezing  pointy  and  every  thing 
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that  1ms  been  just  said  may  be  applied  to  them.  We  may  obtain 
these  solutions  by  evaporating  very  slowly  a  portion  of  the  sol- 
vent ;  but  it  answers  lletter  to  cool  slowly  solutions  already  satu- 
rated; for  some  salts,  as  the  salphate  and  carbonate  of  soda, 
the  cooling  maybe  considerable  bufore  the  crystallization  begins; 
but  in  general  it  ought  to  be  very  little.  The  general  cause 
producing  supersaturation  being  evidently  the  same  for  each 
salt,  it  will  be  sufficient  to  observe  the  effects  in  those  which 
show  them  with  the  greatest,  intensity.  1  shall  take,  as  an 
example,  the  carbonate  of  soda. 

A  supersaturated  solution  of  this  salt  crystallizes,  just  like 
water  remaining  liquid  below  the  point  of  congelation,  either  by 
a^tation,  or  the  immersion  of  a  crystal  of  carbonnte  of  soda,  or 
of  a  foreign  body;  and,  as  is  the  case  with  water,  we  cannot 
assign  the  hmit  at  which  the  supersaturation  stops  short.  This 
limit,  in  each  experiment,  is  entirely  accidental.  It  depends 
upon  the  nature  of  the  vessel,  on  its  smoothness,  its  conduction, 
the  agitation  of  the  air.  But  as  we  determine  crystallization  in 
a  supersaturated  soldtion  of  carbonate  of  soda  by  a  slight  agita- 
tion, it  is  obvious  that  this  supersaturation  does  not  otpend  on 
affinity,  but  on  a  force  purely  mechanical ;  for  motion  cannot  of 
itself  produce  chemical  effects. 

There  are  a  great  many  saline  solutions  which  crystallize  as 
soon  as  they  lose  a  portion  of  the  solvent,  or  their  temperature  is 
somewhat  lowered ;  and  it  would  be  difficult  by  tne  means 
pointed  out  above  to  know  whether  they  can  be  supersaturated ; 
but  the  phenomena  of  crystallization  leave  no  doubt  on  that 
head. 

If  we  consider  a  saline  solution  in  which  some  scattered  crys- 
tals have  formed,  if  it  be  exposed  to  evaporation,  these  crystals 
will  increase  without  the  formation  of  any  new  ones,  or  at  least 
this  will  often  happen.  But  evaporation  taking  place  only  at  the 
surface  of  the  liquid,  it  follows  of  necessity  that  the  saline  mole- 
cules, which  have  lost  a  portion  of  their  solvent,  still  continue  in 
solution  till  they  approacn  the  crystals  which  seize  upon  them ; 
for  if  they  precipitated  as  soon  as  they  lose  their  solvent,  we 
could  not  conceive  the  regular  increase  of  the  crystals.  This  is 
what  actually  happens,  when  the  evaporation  is  "too  rapid,  rela- 
tively to  the  supersaturation  which  the  solution  is  capable  of 
assuming.  In  that  case,  a  multitude  of  small  crystals  are  depo- 
sited on  the  sides  of  the  vessel  containing  the  saline  solution. 

Supersaturation  does  not  appear  to  depend  on  the  affinity  of 
the  salt  for  the  solvent,  for  it  is  very  far  from  being  proportional 
to  it.  This  is  a  further  proof  that  it  is  owing  to  a  particular 
disposition  of  the  saline  molecules,  in  consequenoe  of  which  they 
resist  more  or  less  a  change  of  state. 

I  have  chosen  water  as  an  example  to  explain  by  analogy  the 
aupersatufatioQ  of  saline  aolutioas,  because  the  permanence  of 
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its  liquidity  below  the  point  of  congelation  cannot  be  ascribed  to 
affinity,  as  in  the  saline  solutions,  where  irmay  be  i^upposed  that 
the  supersataration  is  owing  to  the  affinity  of  the  salt  for  its 
solvent ;  but  as  the  effi^cts  are  the  same  in  circumstances  abso- 
lutely similar,  it  is  very  probable  that  their  causes  are  the  same. 

There  has  been  long  entertained  an  opinion  respecting  the 
permanence  of  the  saturation  of  saline  solutions  which  1  have 
never  adopted ;  because  it  does  not  appear  to  me  sufficiently 
demonstrated.  The  opinion  is,  that  water  saturated  with  a  salt 
is  capable  of  depositing  a  portion  of  it  when  left  at  rest,  though 
its  temperature  does  not  alter.  But  M.  Beudant  in  his  memoir 
on  the  causes  which  may  produce  changes  in  the  form  of  the 
crystals  of  the  same  mineral,  has  cited  several  facts  in  support 
of  this  opinion,  which  he  appears  to  adopt.  I  consider  it, 
therefore,  as  necessary  to  discuss  it  here. 

"  I  have  remaiked,'*  says  M.  Beudant  (Ann.  de  Chim.  et  de 
Phys.  viii.  16),  "  that  very  regular  crystals  may  form  without 
any  evaporation  whatever  in  solutions  otherwise  very  dilute  ;  but 
it  does  not  appear  that  all  the  salts  are  in  diis  state.  To  satisfy 
myself  on  the  subject,  I  placed  dilute  solutions  of  different  salts, 
all  at  the  same  degree  of  density,  in  fiaggons  completely  tilled, 
and  well  stopped,  which  I  left  in  a  press.  On  visiting  them 
long  after,  I  observed  that  they  were  all  equally  full,  and  that 
consequently  there  had  been  no  evaporation ;  but  in  several  of 
them  tne  salts  had  crystallized.  I  remarked  that  it  was  precisely 
those  which  had  the  greatest  degree  of  cohesion,  as  the  sulphate 
of  potash,  alum,  borax,  muriate  of  barytes  8cc. ;  while  those 
whose  cohesion  was  weaker,  as  nitrates  of  potash  and  ammonia, 
sulphates  of  ammonia  and  iron,  muriate  of  soda,  &c.  had  not 
crystallized.'* 

In  the  Ann.  de  Chim.  et  de  Phys.  vii.  70,  1  have  already 
stated  experiments  in  my  opinion  very  decisive,  showing  that 
saturated  saline  solutions,  whose  temperature  is  constant,  do  not 
deposit  salt ;  and  that  they  remain  homogeneous  through  their 
whole  extent;  but  since  that  time  I  have  made  new  experi- 
ments to  answer  all  objections  that  could  be  advanced,  and  the 
result  of  them  has  been  precisely  the  same  as  that  of  the  former 
ones. 

I  took  two  glass  tubes,  two  metres  in  length,  and  three  centi- 
metres in  diameter.  I  put  into  one  a  solution  of  nitre  saturated 
at  the  temperature  of  the  caverns  under  the  Obiservatory,  and 
into  the  other  a  solution  of  sea  salt  equally  saturated.  Two 
other  tubes  were  filled  with  similar  solutions,  m  which  there  was 
not  more  than  four  per  cent,  of  each  salt.  These  tubes  well 
closed  remained  six  months  in  the  caverns  of  the  Observatory  in 
a  vertical  situation.  At  the  end  of  that  time  I  determined  by 
evaporation  the  quantity  of  salt  contained  in  the  water  of  the 
upper  and  lower  part  ox  each  tabe^  and  I  found  that  the  solutions 
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were  perfectly  homogeneous.  I  shall  add  likewise  that  crystals 
of  nitre  suspended  below  the  surface  of  a  saturated  solution  of  that 
salt,  underwent  no  sensible  diminution,  during  an  interval  of 
more  than  two  years,  that  they  have  remained  in  the  constant 
te^>€rature  of  the  caverns  of  the  Observatory. 

The  facts  which  I  have  just  stated  are  opposite  to  those  of 
M.  Beudant ;  and  if  they  were  produced  by  the  same  cause, 
they  could  not  exist  at  the  same  time.  It  remains  for  me  to 
ehow  that  in  fact  they  are  owing  to  different  causes. 

M.  Beudant  does  not  give  sufficient  details  respecting  his 
£jn)eriments  ;  but  they  can  be  perfectly  well  imitated  by  taking 
fiabne  solutions  saturated  or  not,  letting  them  cool  for  some 
time,  and  then  bringing  them  back  to  their  original  temperature. 
If  the  cooling  has  been  sufficiently  low  to  supersaturate  the  solu- 
tions, they  will  have  crystallized  in  their  lower  parts.  If  now 
the  temperature  he  raised,  the  ciystals  will  not  be  completely 
dissolved  provided  we  do  not  aigitate ;  because  the  liquid  ia 
contact  with  tliem  wiU  acquire  by  saturating  itself  more  density 
than  the  upper  portions.  It  will,  therefore,  remain  at  the  bottom 
of  the  vessel,  and  will  prevent  the  crystals  from  dissolving. 
The  solutions  which  did  not  crystallize  in  M.  Beudant's  experi- 
ments were  not  sufficiently  saturated  to  be  carried  beyond  the 
limit  of  saturation  by  the  cooling  which  they  experienced.  It 
appeiu^  to  me  certain  from  these  facts,  that  the  crystallization^ 
which  M.  Beudant  observed  were  entirely  owing  to  the  coohng 
of  the  saline  solutions. 

I  shall  now  give  an  account  of  the  experiments  which  I  bare 
made  <m  the  solubihty  of  the  salts. 

Having  saturated  water  with  a  salt  at  a  determinate  tempera- 
ture, as  I  have  explained  above,  I  take  a  matrass  capable  of 
holding  150  to  2Q0  grammes  of  water,  and  whose  neck  is  15  to 
18  centimetres  in  length,  After  having  weighed  it  empty,  it  is 
0Ued  to  about  a  foiu'th  part  with  the  sahne  solution,  and  weighed 
ag^in.  To  evaporate  the  water,  the  matrass  is  laid  hold  of  by 
the  neck  by  a  pair  of  pincers,  and  it  is  kept  on  a  red-hot  iron  at 
an  angle  of  about  45°,  taking  care  to  move  it  continually,  and  to 
give  the  hquid  a  rotatory  motion,  in  order  to  favour  the  boiling, 
and  to  prevent  the  violent  bubbling  up,  which  is  very  common 
ivith  some  sahne  solutions,  as  soon  as,  in  consequence  of  evapo- 
ration, they  begin  to  deposit  crystals.  When  tlie  saline  mass 
is  dry,  and  whenjio  more  aqueous  vapours  are  driven  off  at  a 
heat  nearly  raised  to  redness,  I  blow  into  the  matrass  by  means 
of  a  glass  tube  fitted  to  the  nozzle  of  a  pair  of  bellows,  in  order 
to  drive  out  the  aqueous  vapour  which  fills  it.  The  matrass  is 
then -allowed  to  cool,  and  weighed.  I  now  know  the  proportion 
of  water  to  the  salt  held  in  solution,  and  this  ia  expressed  by 
representing  the  quantity  of  water  to  be  100.  Each  of  the 
foyowilig  results  is  the  mean  of  at  least  two  experiments  : 
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Solubility  of  Chloride  of  Potassium. 

Temperatare  CbloHde  dissoWed  by 

centigrade.  100  water. 

0:00* 29-21 

19-36 34-63 

62-39 43-69 

79-68 60-93 

109-60 69-26 

If  we  construct  these  results,  taking  the  degrees  of  temperature 
for  abscissas,  and  the  quantities  of  salt  dissolved  by  100  water 
for  ordinates,  we  shall  see  that  they  can  be  represented  by  a 
straight  line.  To  find  its  equation,  I  have  supposed  the  ordi- 
nate 34-63  corresponding  to  19-36*^  to  be  constant,  because  the 
experiments  on  solubility  at  mean  temperatures  should  in  general 
be  more  accurate  than  those  made  at  temperatures  at  a  great 
distance  from  them,  and  a  straight  Une  was  made  to  pass  suc- 
cessively by  the  extremity  of  each  ordinate  representing  the 
solubiUty.  There  resulted  for  the  tangent  of  the  angle  which 
the  straight  line  makes  with  the  line  of  abscissas  the  following 
values  * 

0-2749;  0-2742  ;  0-2723 ;  0-2740 ; 

the  mean  of  which  is  0-2738.     Of  conl^equence,  the  equation  of 
the  line  of  solubility  of  the  chloride  of  potassium  will  be  : 

y  =  0-2738  :r°  +  29*23 

It  may  be  employed  with  certainty  to  find  the  solubility  of 
chloride  of  potassium  at  all  temperatures  comprehended  between 
the  two  extremes  0°  and  109-6^;  but  in  all  probabiUty  it  would 
not  serve  for  temperatures  much  more  elevatied,  or  much  lower. 
This  equation  is  constructed  in  Plate  C,  under  the  name  of  chlo- 
ride of  potassium.  By  means  of  the  division  of  the  lines  on 
which  are  counted  the  temperatures  and  solubilities,  it  will  be 
easy  to  find  without  calculation  the  corresponding  solubility  at  a 
determinate  temperature. 

Solubility  of  Chloride  of  Barium. 

Temperature  centigrade.  Salt  dissolyed  in  100  water. 

16-64° 34-86 

49-31 43-84 

74-89 60-94 

106-48 69-68 

the  equation  of  the  line  of  solubility  is, 

y  =  0-2711  x?  +  30-62 

In  these  experiments,  the  chloride  of  barium  is  supposed  to  be 
anhydrous  ;  but  as  when  it  is  crystalUzed  it  retains  two  propor- 
tions of  water,  22*66,  for  one  of  chloride,  131-1,  we  must  of 
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necessity,  in  order  to  compare  its  solubility  with  that  of  other 
salts,  increase  each  number  of  solubility  by  the  same  number 
multipUed  into  the  rati*  of  22*65  to  131- 1,  and  diminish  by 
as  much  the  quantity  of  water.  On  making  this  correction,  the 
preceding  results  wiU  be  changed  into  the  following : 

Temperature.  Salt  dissolved  in  100  water. 

15-64° 43-50 

49-31 55-63 

74'89 65-51 

105-48 77-89 

These  results  are  represented  by  a  curve  deviating  very  litfle 
from  a  straight  line.    They  are  represented  on  the  plate. 

Solubility  of  Chloride  of  Sodium. 

Temperature.  Salt  dissolved  in  100  water. 

13-89° 35-81 

16-90 35-88 

59-93 37-14 

109-73 40-38 

The  line  of  solubility  of  this  chloride  is  not  a  straight  line ;  for 
the  equation  of  a  line  passing  by  the  two  extreme  ordi nates, 
35-81  and  40-38,  isj^  =  0-04768  x^  +  35-15,  and  the  solubility 
calculated  from  this  equation  for  the  temperature  59*93°  is  38-0l 
instead  of  37-14,  which  experiment  gives.  At  the  temperature 
of  0°,  I  found  a  solubility  a  httle  greater  than  at  13-89°,  and  I 
intend  to  make  new  experiments  to  investigate  this  anomaly. 

Solubility  of  Sulphate  of  Potash. 

Temperature.  Salt  diisolved  in  100  watery 

12-72° 10-57 

49-08 16-91 

63-90 19-29 

101-50 26-33 

The  line  of  solubility  is  a  straight  line  whose  equation  is 

y  =  0-1741  1^  +  8-36 

Solubility  of  Sulphate  of  Magnesia. 

Temperature.  Salt  dissolved  in  100  water. 

14-58° , 32-76 

39-86 ■. .  45-05 

.     49-08 49^8 

64-35  • 56-75 

97-03  • 72-30 

The  line  of  solubiUty  is  a  straight  line  whose  equation  itk 

y  =  0-47816  ^*»  +  25-76 
The  sulphate  of  magnesia  is  here  supposed  anhydTO\x&  \  'W\.«« 
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it  crystallizes  retaining  seven  portions  of  water,  79*3,  for  one 
proportion  of  salt,  74*6,  each  number  which  expresses  the  sola-. 
biUty,  must  be  increased  by  this  numb^  multiplied  by  the  ratio 
of  79'3  to  74*6,  and  the  corresponding  quantity  of  water  dimi- 
nished as  much.  We  shall  thus  have  for  the  solubility  of  crystal- 
lized sulphate  of  magnesia  the  following  results : 

Temperatare, 

14-68° 103-69 

39-86 178-34 

49-08 212-61 

64-35 295-13 

97-03 644-44 

These  results  are  no  longer  proportional  to  the  temperatures ; 
they  augment  in  a  much  greater  ratio. 

Solubility  of  Sulphate  of  Soda. 

Salt  aolnble  in  100  water. 


Temperature. 

o-oo® 

Anhydrous. 
5-02    ...,, 

Crystallized. 

12-17 

11-67 

10-12    

26-38 

13-30    

11-74   

31-33 

17-91   

16-73   .... 

48-28 

25-05   

28-11    

99-48 

28-76 

37-35   

161-53 

30-75   

43-05   

215-77 

31-84   

.....  47-37   

270-22 

32-73   

50-65   .... 

322-12 

33-88 

50-04   

312-11 

40-15   . 

48-78   

291-44 

45-04   

47-81    

276-91 

50-40   

46-82   ...., 

262-35 

59-79   

45-42   

70-61    

44-35   

84-42   

42-96  

103-17   

42-65   

We  see  by  these  results  that  the  solubihty  of  sulphate  of  soda 
follows  a  very  singular  law.  After  having  increased  rapidly  to 
about  the  temperature  of  33®,  where  it  is  at  its  maximum,  it 
diminishes  to  103-17°,  and  at  that  point  it  is  nearly  the  same  as 
at  30-5^  The  sulphate  of  soda  presents  the  second  example  of 
a  body  whose  solubility  diminishes  as  the  temperature  augments ; 
for  Mr.  Dalton  has  already  observed  the  same  property  in  lime. 
In  the  plate,  the  line  of  solubility  of  anhydrous  sulphate  of  soda 
is  traced.  It  consists  of  two  branches  convex  towartis  the  axis 
of  the  abscissas,  and  having  a  point  of  contrary  flexure  corre- 
sponding nearly  to  the  temperature  of  33°.  It  was  not  possible 
to  represent  more  than  a  small  portion  of  the  line  of  solubility  of 
crystuUized  sulphate,  on  account  of  the  great  extent  of  the  ordi- 
natt's ;  besides,  this  hne  could  not  be  of  use  beyond  50°,  because 
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the  sulphate  of  soda  does  not  then  retain  a  quantity  of  water  as 
considerable  as  in  low  temperature  a. 

Sohibilily  of  Nitrate  of  Bnrytes. 
Tempcralurc.  SalldiuoUrd  id  100  water, 

O-OO" 6-00 

1495  8-18 

17-62  8-64 

37-87  13-67 

49-22  17-07 

62-11  17-97 

73-76 25-01 

86-21  29-67 

101-65 35-18 

Solabilily  of  Nitre. 
Mnpmiliiic  Sail  dlnolted  in  ISO  water. 

0-00° .' 13-32 

5-01  16-72 

11-67  22-23 

17-91  29-31 

24-94 38-40 

.  35-13 64-82 

46-10 74-66 

.  64-72 97-05 

.65-45 125-42 

1,79-72 169-27 

^97-66 236-45 

SoluhiUty  of  Chlorate  of  Potash. 
TmperBture. 

0-00° 3-33 

13-32 5-60 

15-37  6-03 

24-43 8-44 

36-02 12-05 

49-08 18-96 

74-89  36-40 

104-78  60-24 

ines  of  solubility  of  these  three  salts  are  represented  in 
the  plate.  They  show  at  once  to  the  eye  that  the  solubility  of 
each  Bait,  especially  nitre,  increases  at  a  great  rate.  It  would 
have  been  possible  to  have  represented  them  by  algebraic  for- 
mnlas,  but  their  graphical  hnes  have  the  advantage  of  giving 
immediately,  and  without  calculation,  and  with  almost  as  great 
precision,  the  solubility  for  all  temperatures  between  which  the 
experiments  were  made.  1  intend  to  give  in  a  second  paper  the 
solubility  of  a  greater  number  of  salts,  and  to  present  them  under 
the  form  of  tables  for  evety  five  degrees  of  temperature  at  least, 
3 
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The  results  which  I  have  obtained,  though  not  numerous,  are 
sufficient  to  show  that  if  we  cannot  hope  to  reduce  the  soIubiUty 
of  the  salts  to  general  principles,  it  deserves  at  least  a  particular 
attention,  expressly  in  consequence  of  the  anomalies  which  it 
exhibits.  I  abstain  at  present  from  drawing  any  consequence ; 
I  shall  wait  till  I  obtain  the  assistance  of  new  experiments. 


Article  II. 

Further  Observations  on  the  Use  of  Gauze  Veils  as  Preservatives 

from  Contagion.    By  Mr.  Bartlett. 

(To  Dr.  Thomson.) 

SIR,  Buckingham,  Oct  II,  I8I9. 

When  I  suggested,  through  the  medium  o{  your  Annals y  the 
use  of  gauze  veils  as  preservatives  from  contagion,  I  was  not 
aware  that  M.  Rigaud  de  Tlsle  had,  in  a  memoir  "  On  the 
Physical  Properties  of  Bad  or  Unwholesome  Air,"  the  aria 
cattiva  of  the  Italians,  read  at  a  meeting  of  the  Royal  Academy 
of  Sciences  at  Paris,  recommended  to  those  exposed  to  a  dele- 
terious atmosphere  some  simple  thing  as  a  screen  to  be  placed 
before  the  organs  ofrespiration  so  as  to  intercept  the  insalubrious 
particles  mingled  with  the  air  they  breathe.  His  paper,  although 
confined  to  those  local  causes  of  epidemics  wnich  prevail  in 
districts  to  which  his  personal  observation  had  extended,  is  so 
replete  with  information,  and  so  corroborative  of  the  efficacy  of 
the  measure  which  I  am  desirous  to  extend  to  animal  effluvia,  as 
well  as  to  miasmata  arising  from  vegetable  decomposition,  that 
I  shall,  perhaps,  be  pardoned  if  I  avail  myself  of  some  of  the 
facts  which  he  adduces.  I  am  led  to  intrude  these  remarks  upon 
your  notice  at  this  time  more  particularly  from  the  circumstance 
of  my  "  suggestion "  having  been  condemned  by  a  medical 
work  *  with  an  asperity,  "  not  to  use  a  harsher  term,"  I  was  not 
altogether  prepared  to  expect,  nor  do  I  feel  conscious  of  having 
at  aS  deservecf  it.     But  the  use  of 


<( 


scalping  knives  instead  of  pens,'' 


may,  without  much  impropriety,  be  conceded  to  the  faculty  ;  I 
am,  therefore,  content  to  allow  this  great  "  northern  light,''  the 
reviewer,  (who,  by  the  by,  gravely  tells  the  world  that  contagion 
is  an  "  animal  product  y'  and  afterwards  expresses,  in  the  very 
same  page,  his  ignorance  of  its  properties !  +)  the  triumph  of  his 
irony ;  while  I  will  oppose  to  his  "  want  of  faith  "  that  "  test  of 

•  TIl«  Ediobargh  Medical  and  Surgical  Journal,  No.  61,  p.  621,  622, 
f  Ibid.  p.  620. 
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truth,"  experience,  wfhich  he  so  confidently  challenges.  I  will 
now  pursue  the  arguments  of  M.E.igaud  de  I'IsIe.  "  Miasmata," 
he  says,  "  possen  such  a  gravity  IJtat  they  can  -nevcf  rise  in  the 
atmosphere  uidas  u»mted  oy  a  lighter  biidif,  which  carries  them 
into  it."  In  eupport  of  tbis,  he  aays,  the  air  ivhich  is  very 
unhealthy  at  Moatalto,  Corteno,  aad  along  all  that  coast, 
stretching  to  the  south  as  far  as  Terracina,  becomes  salubrious 
on  Mount  Ai^entaro,  which  rises  above  Orbitello.  The  vill^es 
of  la  Tolfa,  and  the  habitations  situated  above  Civita  Vecchia  on 
the  Cimic  hills,  afford  a  very  agreeable  and  healthy  abode, 
though  situated  in  the  centre  of  that  region  of  desolation.  The 
same  is  the  case  when  we  rise  above  the  villi^e  of  St.  Felice  on 
the  mountain  of  Circe  to  the  palace  of  Theodoric  above  Terra- 
cina; to  the  villages  of  Segga  and  Sermoneta,  perched  perpendi- 
cularly above  tlie  Pontine  marshes  on  the  rocks  of  the  Lepine 
mountains  -,  also  at  Moute  Fiascone  alcove  the  lake  of  Bolsena, 
above  the  villages  of  Valeutano,  Capo  di  Monte,  Martha,  &c. 
A  httle  further  eastward,  on  the  insulated  rock  of  St.  Orestes, 
the  inhabitants  of  the  village,  which  is  built  on  its  Bide,  enjoy 
tiie  best  health ;  if  they  descend,  disease  attacks  them,  and 
common  fevers  make  their  appearance;  and  a  little  lower  down, 
for  instance  at  Sandreva,  they  will  have  putrid  fevers  ;  and  still 
lower  down,  they  will  die.  The  observations  of  some  eminent 
travellers  support  these  remarks. 

"Miasmata,"  he  continues,  "  have  no  smell  by  which  they 
can  be  distinguished.  They  may  be  separated  from  the  odorous 
substances  with  which  they  seem  to  be  most  intimately  blended." 
Of  the  peculiar  odour  emitted  by  stagnant  waters,  he  adds,  it 
has  something  disagreeable  and  sickly,  which  seems  to  warn  ua 
not  to  approach  places  where  it  is  perceived ;  it  may,  however, 
be  inhaled  without  any  ill  effect  in  certain  seasons  of  the  year. 
I  have  myself  been  several  times  exposed  to  it.  In  1810  and 
iHll,  in  passing  the  numerous  ponds  which  cover  the  sea  coast 
of  the  ecclesiastical  state,  at  Maccharese,  Ostia,  Foliguano,  ia 
the  Pontine  marshes,  which  1  have  repeatedly  traversed  is 
various  directions,  1  have  always  perceived  this  peculiar  smell, 
without  sustiiining  any  inconvenience  from  it.    The  following 

fear,  on  the  contrary,  on  a  very  hot  day  in  the  beginning  of 
eptember,  among  the  ponds  of  Vauvert,  between  St.  Giles  and 
Aigues  Mortes,  in  Laaguedoc,  1  was  suddenly  seized  with  nausea 
and  a  feeling  of  sickness,  which  lasted  several  days,  though  I 
remarked  at  the  time  that  no  kind  of  odour  was  emitted  by  the 
marsh.  He  asserts,  from  experience,  that  "  it  is  much  more 
dangerous  to  inhale  bad  air  in  the  night  than  in  the  day  lime, 
AU  the  hours  of  the  day  or  of  the  pight  are  not  attended  with 
equal  ri^k.  The  least  critical  moment  is  when  the  heat  is 
greatest  and  the  sun  highest  above  the  horizon.  The  most 
dangerous  is  that  which  accompanies  the  setting  and  that  which 
piecedes  the  rising  of  the  sun."   This  obsetvation,  \\\i;vdQtt^'^\B» 
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to  all  times  and  places,  proA  es  to  demonstration  the  union  of 
miasmata  with  aqueous  vapours:  the  former  are  heavy  ;  the  latter, 
possessing  extreme  levity  and  dilatibility,  lend  them  wings. 
Rarified  in  the  middle  of  the  day  by  the  heat,  the  more  elastic  and 
lighter  vapours  must  then  occupy  more  space  in  the  atmosphere; 
the  miasmata  which  they  carry  with  them  must  also,  at  such 
times,  be  more  widely  cuffused ;  we  do  not,  therefore,  inhale 
them  in  such  lar^e  doses  in  the  same  volume  of  air,  and  conse- 
quently cannot  m  those  hours  be  so  much  affected  by  them^ 
M.  Rigaud  de  Plsle  proves  that  miasmata  are  much  less  subtle 
than  the  air,  or  the  principle  of  smells  ;  since  air  and  odorous 
effluvia  penetrate  into  every  place,  whereas  miasmata  are  stop- 
ped and  expelled  by  various  obstacles.  "  The  interposition  of' a 
forest y  a  mount ain,  a  high  wall^  or  even  of  a  mere  clothy  may  also 
cooperate  in  this  separation,  and  preserve  us  in  a  variety  ofctrcum' 
stances  from  the  pernicious  effects  of  the  air  charged  with  deleterious 
miasmata" 

The  arguments  of  the  non-contagionists  have,  1  conceive, 
been  too  ably  refuted  to  require  an  additional  exposition  of  their 
fallacy.  Were,  however,  further  proofs  necessary,  the  circum- 
stances which  attended  the  too  early  removal  of  the  restrictions 
upon  the  inhabitants  of  Marseilles,  when  the  plague  raged  there 
in  1720 ;  and  the  fatal  effects  which  followed  the  temerity  of  the 
students  of  medicine  at  Edinburgh,  some  years  since,  during  the 
prevalence  of  the  Infirmary  fever,  would  sufficiently  demonstrate 
it.  It  is  also,  I  think,  equally  clear  that  contagion  can  be  com- 
municated by  means  of  me  respiratory  organs  only ;  this  opinion 
experience  hourly  confirms.  The  Edinburgh  Review  for 
March,  1819  (pp.  421,  422),  with  all  its  caution  in  giving  an 
opinion  on  questionable  data,  thinks  it  probable  that  conta- 
gion "  may  be  conveyed  into  the  stomach  by  the  sahva ;  or  it 
may  be  absorbed  by  the  skin  in  some  instances ;  but  we  are 
convinced  that  by  far  the  most  ordinary  way  is  inhalation  by  the 
lungs,'*  That  the  skin  does  not  possess  sufficient  powers  of 
absorption,  or  the  means  of  secreting  pestilential  virus,  is  proved 
by  the  circumstance  that  all  animal  poisons  (not  excepting  that 
01  snakes  or  the  saliva  of  mad  dogs),  being  innocuous,  by  mere 
contact  with  the  skin  alone  ;  of  course,  I  except  those  cutaneous 
and  other  disorders  which  are  not  communicable  by  any  other 
means.  Admitting,  therefore,  and  it  is  not  too  much,  that  the 
elements  of  contagion,  as  de  Tlsle  proves,  are  disseminated  in 
conjunction  with  aqueous  vapours,  the  efficacy  of  any  measure 
for  its  prevention  must  depend  upon  the  resistance  it  opposes  to 
the  passage  of  humidity.  Now,  how  much  soever  the  editor  of 
the  Edinburgh  Medical  and  Surgical  Journal  may  question  the 
capabihty  of  gauze  veils  as  preventives,  Mr.  Murray's  communi- 
cation (for  which  I  feel  much  indebted  to  that  gentleman),  in 
your  number  for  September,  most  satisfactorily  demonstrates 
that  they  actually  will  resist  the  passage  of  moisture.    An  expe- 
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Ttment  which  I  Jately  tried  myself -also  confirms  this.  Over  a 
given  surface  of  boiling  water  I  suspended  two  pieces  of  sea- 
weed, each  weighingyoar  grains,  and  measuring  an  inch  square; 
ODe  piece  was  enclused  in  a  single  envelope  otgauze ;  the  other 
merely  attached  to  a  thread  at  the  same  elevation.  After  the 
lapse  of  15  minutes,  the  latter  was  found  to  have  gained  a  grain 
in  weight,  while  the  otiier  scarcely  exhibited  a  sensible  differ- 
ence !  I  also  submitted  two  themiometers  (the  one  surrounded 
by  gauze,  and  the  other  not)  to  diflerent  degrees  of  atmospheric 
temperature ;  as  well  as  over  cold  v^ater,  in  a  warm  room,  when 
a  considerable  evaporation  must  have  been  going  on  j  but  I 
always  found  a  variation  to  exist  between  the  two.  Hence,  as  it 
is  well  known  that  heat  and  moisture  are  the  parents  of  putrefac- 
tion, it  is  more  Uian  pr'^bable  that  they  are  the  generators  of  those 
epidemics  which  exist  with  greater  or  less  virulence,  in  every 
quSrter  of  the  globe.  But  to  recur  to  the  remarks  of  the  Edin- 
burgh Medical  and  Physical  Journal.  "  Mr.  B."  says  the  writer 
(alluding  to  the  inference  which  1  had  deduced  from  data,  he 
conceives,  "  exceedingly  loose  and  inconclusive  ;  not  to  apply 
a  harsher  term")  "is  so  fond  of  remote  analogies,  that  we  wonder 
be  did  not  hit  upon  the  fact  of  gauze  tlirown  over  fruit-trees  . 
being  a  protection  to  the  tender  blossoms  from  the  hoar-fi-ost  of 
the  mornings  and  evenings."  I  beg  to  assure  the  learned  gentle-  . 
man  who  has  so  kindlv  furnished  me  with  the  argmnent,  that  it 
had  not  escaped  my  observation  ;  and  currants  are  to  be  seen  at 
the  present  moment  in  a  gentleman's  garden  in  this  place  as 
fresh  beneath  a  common  net  (which  was  the  only  thing  made  use 
of  to  preserve  them  from  "  the  winds  of  heaven,"  which  might 
otherwise  have  "  visited  them  too  roughly  ")  as  they  were  wbea 
in  season ;  while  those  exposed  to  the  snme  atmosphere,  with- 
out that  protection,  were  withered  up  montlis  ago.  Want  of 
faith  in  the  efficacy  of  any  measure  must  be  respected  &om  the 
regard  due  to  opinion  ;  but  what  can  be  said  for  the  consistency 
of  those  who  can  condemn  a  measure  as  "  hypothetical,"  as 
founded  on  analogies  "  loose  and  inconclusive,"  and  yet  recom- 
mend it!  Yet  such  is  the  case,  for  "  notwithstanding,"  says  the 
work  alluded  to,  "  our  declared  want  of  faith  in  its  efficacy,  we 
are  desirous  that  Mr.  Bardett's  suggestion  should  be  tried." 
The  case  of  my  httle  girl,  which  1  noticed  in  a  subsequent  letter, 
and  which  appeared  in  your  number  for  July,  is  considered  even 
by  this  fastidious  critic  as  worthy  of  remark.  To  that  instance 
I  have  to  add  a  second,  wherem  I  subjected  the  same  child 
(having  taken  a  similar  precaution)  to  actual  contact  with 
another  child  which  had  a  full  eruption  of  the  measles  on  it  at 
the  time  without  any  ill  effects  resulting  from  it. 

I  cannot  close  this  article  without  referring  to  another  profes- 
sional  work,  the  London  Medical  Repository  for  July,  wherein 
the  learned  editors  (Drs  Uwins,  Palmer,  and  Gray,)  thus  ^eak 
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of  my  suggestion :  '*  We  consider  this  idea  might  be  adopted 
with  propriety,  and  probably  with  effect." 

I  must  confess,  without  presuming  too  much,  that  I  look  upon 
the  favourable  opinions  of  such  men  as  I  have  named  as  no 
common  sanction  to  the  measure  I  have  proposed ;  and  I  have 
only  once  more  to  express  a  hope  that  it  will  undergo  the  test 
of  experiment  upon  a  scale  that  will  either  confirm  its  utility,  or 
disprove  its  eflBcacy.         I  have  the  honour  to  be,  Sir, 

Your  very  obedient  servant, 

J.  M.  Bartlett. 


Article  III. 


Researches  on  a  new  Mineral  Body  found  in  the  Sulphur  extracted 
from  Pyrites  at  Fahlun.     By  J.  Berzelius. 

{Concluded  from  vol.  xiv.  p.  427.) 

10.  Combination  of  Seleniuret  of  Hydrogen  with  the  Bases  of  the 

Hydroselemurets. 

The  seleniuret  of  hydrogen  possesses  the  same  properties  a9 
the  sulphuret  and  telluret  of  hydrogen ;  it  changes  the  blue 
colour  of  litmus  to  red ;  unites  as  an  acid  with  those  bases 
whose  radicals  have  a  stronger  affinity  for  oxygen  than  that  of 
hydrogen  ;  and  reduces  the  others  to  the  state  of  metallic  sele- 
murets.  The  soluble  hydroseleniurets  have  the  taste,  and  like- 
wise to  a  certain  degree  the  smell,  of  liver  of  sulphur,  and  cannot 
by  these  characters  be  distinguished  from  the  hydrosulphurets ; 
but  they  have  a  deep  red  or  orange  colour,  and  in  this  respect 
approach  the  hydrotellurets.  But  I  must  observe  that  the 
colour  of  these  last  is  much  more  beautiful,  and  has  a  tinge  of 
purple,  like  red  wine ;  while  that  of  the  hydroseleniurets  has  a 
tint  of  yellow,  and  approaches  the  colour  of  strong  ale.  The 
hydroseleniurets  produce  spots  upon  the  skin,  which  are  black, 
brown,  or  yellow,  according  to  the  intensity  of  the  solution,  and 
which  cannot  be  removed  by  water. 

I  cannot  determine  whether  this  colour  belongs  to  the  hydro- 
seleniurets as  essentially  as  it  does  to  the  hydrotellurets,  or 
whether  it  be  owing  to  an  excess  of  selenium  aissolved  by  the 
hydroseleniuret.  I  melted  selenium  with  an  excess  of  potassium; 
the  combination  was  attended  with  an  explosion  by  which  a 
great  portion  of  the  mass  was  lost ;  but  what  remained  gave  an 
orange-red  colour,  though  there  was  a  disengagement  of  hydrogen 
during  its  solution.  Ihis  observation  seems  to  prove  that  at 
least  the  alkaline  hydroseleniurets  are  coloured,  but  I  ought  to 
observe  that  I  did  not  repeat  this  experiment,  though  it  in  somo 
measure  failed. 
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An  experiment  made  with  lime  seems  to  prove  the  contrary 
flf  that  made  with  potassium.  I  passed  in  a  suitable  vessel  a. 
current  of  seleniuretted  hydrogen  gas  through  a  portion  of  lime 
water,  taking  care  to  exclude  the  atmospheric  air  completely. 
The  liquid  became  at  first  muddy,  and  deposited  a  small  quantity 
of  red  powder.  The  clear  liquid  remained  colourless,  though  a 
great  excess  of  seleniuretted  hydrogen  gas  was  passed  through 
It.  Tile  first  precipitate  was  merely  seleniuret  of  lime,  whose 
hydrogen  had  been  oxidized  by  the  air  contained  in  the  lime 
water.  The  colourless  liquid  left  in  a  phial,  which  I  considered 
as  hermetically  sealed,  began,  after  two  days,  to  become  red  at 
the  surface  without  any  precipitation,  and  the  colour  increased 
till  it  spread  over  the  whole  liquid.  This  effect  being  at  an  end, 
a  brownish  pellicle  of  seleniuret  of  lime  began  to  form  on  the 
liquid,  and  small  crystals  of  the  same  substance  swam  against 
the  sides  of  the  phial.  After  three  weeks,  the  liquid  had  again 
become  colourless.  The  explanation  of  this  phenomenon  is 
easy.  The  hydroseleniuret  of  lime  in  contact  with  the  air  13 
decomposed;  but  the  resulting  seleniuret  remained  combined 
with  the  undecomposed  part,  constituting  a  seleniated  hydrose- 
leniuret. This  combination  having  at  last  reached  its  point  of 
saturation,  the  decomposition  of  the  hydroseleniuret  occasioned 
the  precipitation  of  seleniuret  of  lime,  partly  in  the  form  of  a 
pelhcle,  and  partly  in  crystals.  The  colourless  hquid  from  which 
this  last  was  deposited  contained  still  lime  in  solution.  This 
proves  that  seleniuretted  hydrogen  can  neutralize  a  greater  quan- 
tity  of  base  than  selenium  alone.  The  same  is  the  case  with 
Bulphur. 

The  best  method  of  producing  the  hydroseleniurets  is  to  dis- 
solve seleniuret  of  iron  in  muriatic  acid,  and  to  make  the  gas 
pass  into  a  Woulfe's  apparatus,  in  which  the  gases  are  dissolved, 
or  mixed  with  water.  Seleniuretted  hydrogen  gas  is  absorbed 
much  more  rapidly  and  completely  than  sulphuretted  hydrogen 
gas,  and  we  do  not  lose  so  much  of  it  as  of  this  last. 

The  hydroseleniurets  are  decomposed  by  the  contact  of  air, 
and  the  selenium  is  deposited  pure  from  those  which  have  au 
sikali  for  a  base.  It  is  generally  deposited  at  the  surface  in  the 
form  of  a  pellicle,  which,  on  the  upper  surface,  is  smooth, 
metalline,  and  of  the  colour  of  lead.  The  under  surface  has  a 
deeper  grey  colour,  and  a  crystallized  texture.  If  the  decora- 
position  takes  place  slowly,  without  agitation,  in  a  vessel  which 
nasmore  depth  than  breacfth,  the  selenium  is  deposited  in  crystal- 
line vegetations  on  the  part  of  the  glass  turned  towards  the  light. 

The  danger  with  which  I  considered  experiments  with  sele- 
Tiiuretted  hydrogen  gas  to  be  attended  prevented  me  from 
obtaining  the  hydroseleniurets  in  a  dry  state.  The  only  base 
with  which  I  have  made  an  experiment  i«  ammonia;  but  it  did 
not  succeed  to  the  degree  that  I  expected.  Into  a  small  glass 
tilled  with  mercury,  I  passed  dry  ammoniacal  gas  till  the  vessel 
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was  half  filled  with  it.  I  then  introduced  seleniuretted  hydrogen 
gas  which  had  passed  through  a  tube  filled  with  anhydromi 
muriate  of  Ume.  The  two  gases  formed  a  white  smoke,  which 
was  soon  deposited  both  on  the  mercury  and  the  glass,  and 
formed  a  mass  of  a  pale-red  colour,  in  which  no  traces  of  ciys- 
tallization  could  be  observed  by  the  microscope.  I  cannot  decide 
whether  the  red  colour  dependfs  uponb  he  presence  of  a  trace  oi 
air  mixed  with  the  ammoniacal  gas  ;  but  that  circumstance  is.  at 
least  possible.  The  fixed  salt,  when  dissolved  in  water,  gave 
that  hquid  a  deep-red  colour. 

Barytes,  strontian,  hme,  and  ma^esia,  all  form  soluble  hydro* 
seleniurets.  The  hydrate  of  magnesia  mixed  with  water,  through 
which  a  current  of  seleniuretted  hydrogen  gas  is  passed,  is 
dissolved  easily  by  means  of  an  excess  of  the  gas.  The  solutions 
of  the  other  earths  mixed  with  hydroseleniuret  of  anmionia  form 
flesh-coloured  precipitates,  with  the  exception  of  alumina,  which 
gives  a  precipitate  of  a  deep-red  colour.  As  the  liquid  retains 
no  trace  of  seleniuretted  h;ydrogen,  it  is  to  be  presumed  that 
these  precipitates  are  real  hydrosekniurets.  All-  the  metallic 
solutions  are  precipitated  by  the  alkaUne  hydroseleniurets.  The 
precipitates  formed  in  the  salts  of  zinc,  manganese,  cerium,  and 
probably  Ukewise  of  uranium,  are  hydroseleniurets.  They  are 
speedily  decomposed  by  the  access  of  air,  and  their  pale-red 
colour  becomes  at  the  same  time  much  deeper.  The  salts  of  the 
other  metals  are  reduced  to  metallic  seleniurets,  and  the  precipi- 
tates which  they  produce  are  black  or  dark-brovm,  and  assume 
the  metaUic  lustre  when  strongly  pressed  by  a  poUshed  hema- 
tites. 

Before  quitting  this  subject,  I  must  be  allowed  to  make  an 
observation  relative  to  the  nomenclature  of  these  combinations. 
Chemists  have  begun  in  the  English  and  French  nomenclatures 
to  call  the  combinations  of  sulphuretted  hydrogen  with  bases 
hydroiulphateSy  to  indicate  the  same  theoretical  relation  between 
sulphuretted  hydrogen  and  sulphuric  acid,  which,  in  the  new 
hypothesis,  respecting  the  nature  of  oxymuriatic  gas,  is  consi* 
dered  as  established  between  hydrochloric  (muriatic)  acid  and 
chloric  acid.  But  without  entering  into  any  discussion  respect- 
ing this  last  hypothesis,  I  think  I  may  state  that  the  new  names 
fiven  to  sulphuretted  hydrogen  gas  and  its  combinations  widi 
ases  are  contrary  to  the  spintof  uie  nomenclature  ;  since,  wh^ 
hydrogen  is  taken  away  from  hydrosulphuric  acid  and  firom  the 
hydrosulphates,  the  residuum  is  not  sulphuric  acid  and  sulphates, 
but  sulphur  and  sulphurets.  I  think,  therefore,  that  tike  old 
name  expresses  the  nature  of  the  substance  which  it  is  intended 
to  indicate  much  better  than  the  new ;  and  that  this  change  ot' 
nomenclature  has  been  made  without  sufficient  reason.  This  is 
the  reason  why  in  this  memoir  I  have  not  adopted  the  new 
names,  either  for  the  hydrosulphurets,  hydroselemurets,  hydio- 
tellurets,  or  for  a  variety  of  other  substances ;  and  I  tlunk  that 
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we  cannot  be  too  much  on  our  guard  against  adopting  and  pro- 
pagating changes,  which  are  not  necessary  in  a  nomenclature 
once  admitted,  since  long  custom  renders  it  difficult  to  correct 
even  a  bad  nomenclature.  It  will  be,  perhaps,  objected  to  me 
that  sulphuretted,  seleniuretted,  and  telluictted  hydrogens 
actually  possess  some  of  the  principal  characters  of  acids.  I 
allow  this.  But  what  confusion  in  the  nomenclature  would  be 
produced  if  we  thought  proper  to  call  every  substance  an  acid 
which  in  a  combination  may  act  the  part  of  an  electro-negative 
body  !  Do  we  call  every  substance  an  alkali  which  is  capable  of 
acting  the  part  of  an  electro-positive  body ;  that  is  to  say,  a 
base? 

11.  General  Observations  relative  to  the  Properties  of  Selenium  ^ 

The  existence  of  a  body  whose  properties  constitute,  so  to 
speak,  the  transition  from  the  non-metallic  combustible  bodies 
to  the  metal  is  surely  a  very  interesting  phenomenon  ;  while  this 
body  possesses  some  of  the  characteristic  pro{)erties  of  the 
metels,  for  example,  the  metallic  lustre  ;  it  is  destitute  of  others 
equally  essential,  for  example,  of  the  power  to  conduct  electricity 
and  heat.  In  fact,  as  there  is  no  positive  line  of  separation 
between  the  chemical  properties  of  these  two  classes  of  bodies, 
it  is  probable  that  none  ought  to  exist  between  their  external 
properties. 

We  have  seen  that  selenium  is  more  analogous  to  sulphur  than 
to  any  other  body,  and  next  to  sulphur,  it  resembles  tellurium ; 
so  that  it  lies  between  these  two  bodies.  But  it  is  from  its 
properties  that  we  must  determine  in  which  of  the  classes  we 
must  place  it,  whether  among  the  metals,  or  along  with  sulphur, 
phospnorus,  boron ;  that  is  to  say,  the  class  of  substances  to 
which  I  have  ventured  to  give  the  name  of  metalloids.  In  itself 
it  is  indifferent  in  which  of  the  two  classes  we  place  it,  since  the 
limits  between  them  are  not  determinable,  and  since  selenium 
possesses  to  such  a  degree  the  characters  of  both,  that  we  may 
riace  it  with  equal  justice  in  either  of  the  two.  The  metallic 
lustre  and  the  specific  gravity  have  been  considered  as  the  cha- 
racteristics of  the  metals ;  but  the  last  of  these  has  ceased  to  be 
a  character,  because  we  are  now  acquainted  with  metals  which 
are  lighter  than  water.  Nothing  remains  but  the  lustre  ;  and  I 
believe  that  if  sulphur  and  phosphorus  possessed  the  metallic 
lustre,  nobody  would  hesitate  to  place  them  among  the  metals. 
As  selenium  possesses  this  property  in  a  high  degree,  and  as  it 
must  of  necessity  be  placed  in  one  of  the  two  classes,  I  conceive 
that  we  may  arrange  it  in  preference  among  the  electro-negative 
metals,  that  is  to  say,  among  those  which  produce  acids.  It 
will  begin  the  series  in  making  the  transition  from  sulphur  and 
phosphorus  to  arsenic. 

The  number  of  simple  combustible  bodies  has  been  lately 
augmented  by  three ;  two  of  which  with  equal,  if  not  with  greater 
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reason,  may  be  considered  as  oxides,  which  it  has  been  hitherto 
impossible  to  reduce ;  while  the  third  has  a  problematic  exist- 
ence. These  bodies  are  chlorine,  iodine,  and  fluorine.  To  render 
the  simplicity  of  these  bodies  more  probable,  advantage  has  been 
taken  of  their  supposed  analogy  with  sulphur  and  phosphorus. 
It  is  evident  that  m  proportion  as  more  bodies  are  discovered 
and  compared  with  these  last,  this  analogy  must  either  increase 
or  diminish  in  probability.  This  is  the  reason  that  induces  me 
to  compare  selenium  with  sulphur,  chlorine,  iodine,  and  some 
other  bodies. 

Sulphur  and  selenium,  on  one  side,  unite  with  the  metals;  and 
these  combinations,  which,  for  the  most  part,  still  preserve  some 
of  the  external  properties  of  metals,  retain  likewise  the  combus- 
tibility of  their  radicals.  The  sulphuret  apd  seleniuret  of 
potassium  and  sodium  are  soluble  in  water.  They  decompose  it 
at  the  same  time,  and  produce  hydrosulphurets  and  hydrosele- 
niurets. 

Chlorine  and  iodine,  on  the  other  side,  combine  likewise  with 
the  metals;  but  their  combinations  have  generally  the  same 
characters  as  the  anhydrous  sulphates,  phosphates,  and  arse« 
niates.  The  radicals,  at  least  the  most  combustible,  have  lost 
their  combustibility  :  the  chloride  and  iodide  of  potassium  and 
sodium  do  not  unite  with  oxygen ;  do  not  decompose  water ; 
and  do  not  form  hydrochlorates  and  hydriodates  (unless  it  he 
pretended  that  the  chlorides  of  potassium  and  sodium  decom- 
pose water  with  the  production  of  cold  ;  while  the  chlorides  of 
calcium  and  barium  decompose  it  and  produce  heat).  On  the 
contrary,  the  chlorides  of  copper,  tin,  and  gold  (and  of  several 
other  metals,  which  are  incapable  of  decomposing  water,  either 
alone,  or  in  the  state  of  sulphurets,  or  mixed  with  the  strong 
acids),  decompose  water,  and  produce  hydrochlorates.  There  is, 
therefore,  no  analogy  between  sulphur  and  selenium  on  the  one 
side,  and  chlorine  and  iodine  on  the  other,  since  they  produc& 
entirely  opposite  phenomena. 

Sulphur,  selenium,  and  tellurium,  combine  with  hydrogen,  and 

I)roduce  particular  acids,  which  are  gaseous  and  very  weak.  It 
lad  been  long  observed  that  sulphur  and  tellurium,  notwithstand- 
ing the  difference  in  their  physical  and  chemical  properties,  fona 
combinations  with  hydrogen  of  characters  astonishingly  analo- 
gous. We  now  find  a  third  body  with  which  hydrogen  formft 
a  compound,  having  the  same  smell,  the  same  taste,  and  the 
same  properties,  as  the  two  preceding  ones.  This  class  of  acid 
bodies  gives  with  all  the  oxides,  whose  radicals  have  a  strong 
affinity  for  oxygen  than  hydrogen  has,  a  particular  kind  of  salt^ 
which  preserves  the  taste,  and  in  part  even  the  odour  of  the 
acids  ;  though  they  are  less  capable  of  neutraUzing  the  baseft^ 
than  other  acids.  The  oxides,  whose  radicals  have  a  weaker 
affinity  for  oxygen  than  that  of  hydrogen,  are  decomposed  hjf 
these  acids.    The  result  is  water,  and  a  combination  of  the  radfr^; 
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cals.  These  facta  lead  us  to  presume  that  the  hepatic  taste  and 
smell,  from  beiag  peculiar  to  sulphur,  are  common  to  that  c^ass 
of  acid  bodies,  as  well  as  to  their  combinations  with  bases ;  and 
that  an  hepatic  taste  and  smell  are  as  essential  to  the  hydracids 
and  to  their  combinatinns  with  alkalies,  as  the  acid  taste  and 
smell  are  to  the  strons  oxacids,  and  the  saline  taste  to  their  neu- 
tral combinations  with  alkalies.  I,  therefore,  think  it  very 
probable  that  an  alkaline  salt  destitute  of  the  hepatic  taste  does 
not  contain  an  hydracid;  and,  on  the  contraiy,  if  the  taate'be 
saline,  that  it  contains  an  oxacid.  By  extending  these  consider- 
ations still  further,  we  find  that  the  oxacids,  whose  names  teimi- 
nate  in  ous,  give  to  their  alkaline  salts  a  peculiar  taste  by  which 
we  recognise  the  acid ;  for  example,  the  sulphites  and  the  phos- 
phites. Further,  another  class  of  oxacids  very  weak,  and  very 
indistinctly  acid,  as  the  tungstic  and  antimonic  acids,  the  oxide 
of  tellurium,  &c.  give  to  tueir  compounds  with  the  alkalies  a 
metaUic  taste  ;  so  that  each  class  appears  to  have  general 
common  properties  by  which  the  class  can  in  some  measure  be 
known. 

Chlorine  and  iodine  combine  likewise  with  hydrogen ;  but 
these  combinations  are  very  strong  acids,  and  have  their  taste 
and  smell  purely  acid.  These  acids  have  the  peculiar  property 
of  being  able  to  reduce,  by  means  of  tlieir  hydrogen,  potash  and 
soda,  and  of  forming  chlorides  and  iodides,  whose  pure  saline 
taste  is  entirely  analogous  with  the  combination  of  the  strong 
oxacids  with  the  alkalies.  On  the  other  hand,  the  hydrogen  of 
these  acids  does  not  reduce  the  oxides  of  copper,  bismuth,  gold, 
&c.  with  which  the  hydrochloric  and  hydriodic  acids  combine 
without  decomposition.  Thus  we  perceive  that  the  analogy  of 
these  hydracids  with  those  of  which  we  have  just  spoken  is 
entirely  null.  1  thought  it  proper  not  to  omit  these  comparisons, 
because  they  constitute  an  addition  to  the  circumstances,  which 
sooner  or  later  will  give  us  more  satisfactory  information  respect- 
ing the  nature  of  muriatic,  iodic,  and  fluoric  acids. 

iVe  have  seen  the  great  analogy  between  sulphurand  selenium, 
and  this  analogy  continues  even  in  their  combinations  with 
oxygen;  so  that  both  form  acids  but  little  volatile.  However, 
these  acids  have  not  the  same  analogy  with  each  other  as  their 
jadicals  have.  Sulphuric  acid  belongs  to  that  numerous  class  of 
acids  which  have  three  atoms  of  oxygen,  and  possesses  in  con- 
sequence the  manner  of  combination  of  these  acids.  Selenic 
acid,  on  the  contrary,  belongs  to  the  small  class  of  acids  which, 
without  temiinating  in  ous,  contain  only  two  atoms  of  oxygen; 
and  in  this  respect  has  a  strong  analogy  with  carbonic  and 
boracic  acids,  like  these  acids,  it  does  not  form  neutral  salts 
widj  alkalies.  In  the  salt,  in  which  the  acid  contains  twice  as 
much  oxygen  as  the  base,  the  alkali  re-acts;  and  in  those  in 
which  the  acid  contains  four  times  as  much  oxygen  as  the  b^&c, 
'  '' '"  ^*  **"'  which  re-actB.    We  find  the  same  pWnomeas    " " 


22  Berzelitts  on  a  new  Mineral  Body,  [Jak. 

the  borates  and  the  carbonates ;  yet  boron  and  carbon  have  no 
analogy  with  selenium.  It  is  true  that  boron  may  be  combined 
with  the  alkahes  ;  but  I  do  not  know  that  any  one  has  hitiieTto 
produced  a  boruret  of  hydrogen  or  borurets  analogous  to  the 
metallic  sulphurets  and  seleniurets.  Every  one  knows  that 
carbon  does  not  combine  with  the  alkalies,  and  ia'^a  very  small 
proportion  with  the  metals ;  and,  finally,  that  carburptted  hydro- 
gen has  not  the  hepatic  taste  and  smell,  nor  possesses  the  proper- 
ties of  an  acid. 

Selenium  has  no  analogy,  as  far  as  its  chemical  characters  are 
concerned,  with  arsenic  and  phosphorus.  It  is  obedient  to  the 
general  laws  of  the  combination  of  oxidated  bodies,  from  which 
the  two  former  deviate  in  so  remarkable  a  degree.  Their  com- 
binations with  hydrogen,  though  possessing  several  properties  of 
the  gases  containing  much  hydrogen,  are  not  hepatic,  and  do 
not  possess  the  properties  of  acids.  We  may  say  that  arsenic  is 
to  phosphorus  what  selenium  is  to  sulphur ;  but  in  fact  there  is 
very  httle  analogy  between  these  two  pair  of  bodies. 

12.  Researches  into  the  State  in  which  Selenium  is  found  in  the 

Mineral  Kingdom, 

By  the  care  of  my  friend  M.  Gahn,  I  received,  during  my 
experiments,  a  portion  both  of  the  pyrites  of  Fahlun,  employed 
in  the  manufacture  of  the  sulphur,  and  of  the  impure  sulphur 
itself. 

The  pyrites  was  partly  pure  and  partly  mixed  with  blende, 
galena,  chlorite,  and  several  other  foreign  bodies.  By  roastiilg 
either  before  the  blow-pipe  or  on  a  furnace,  it  was  impossible  to 
perceive  any  smell  of  horseradish. 

I  dissolved  10  grammes  of  this  pyrites  in  nitromuriatic  acid. 
The  solution  was  precipitated  by  sulphuretted  hydrogen  gas,  and 
the  precipitate  was  again  dissolved  m  nitromuriatic  acid.  The 
liquid  was  then  saturated  with  potash,  filtrated,  and  evaporated 
to  diyness.  The  salt  obtained  was  mixed  with  sal-ammoniac, 
and  exposed  to  a  high  temperature.  After  having  dissolved  the 
saline  mass,  selenium  remained  ;  but  its  quantity  was  so  small 
that  it  could  not  be  weighed. 

The  impure  sulphur  gave,  by  a  similar  treatment,  about  O0015 
of  its  weight  of  selenium.  This  quantity,  small  as  it  is,  would 
furnish  a  considerable  annual  quantity  of  selenium,  did  not  the 
other  impurities,  and  particularly  the  arsenic,  hinder  it  from 
being  employed.  The  purified  sulphur  furnished  traces  of  sele- 
nium scarcely  perceptible. 

The  expenments  with  the  pyrites  of  Fahlun  appeared  to  show 
that  the  selenium  is  scattered  through  the  whole  substance  of 
the  stone,  although  in  a  quantity  infinitely  small.  However,  ts 
it  sometimes  happens  at  Fahlun  that  the  roasting  of 'the  copper 
pyrites  exhales  a  strong  odour  of  horseradish,  we  may  presiiitie 
tiat  a  mineral  containmg  selenium  occurs  here  and  there  in  ^ 
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'     more  notable  quantity ;  and  we  must  hope  that  it  will  one  day  H 

be  in  our  power  to  recognize  and  collect  it.  ^| 

M.  Gahn  had  shown  me  some  years  ago  a  small  piece  of  a  ^| 


mineral  which  he  had  received  under  the  name  of  Swedish  ore  of 
ttUurium.  I  made  some  fruitless  attempts  to  extract  tellurium 
from  it,  and  at  the  time  that  I  thought  myself  entitled  to  say  that 
it  contained  none  of  that  metai>  M.  Gahn  made  me  perceive  the 
strong  odour  of  horseradish  which  it  exhaled  when  heated  before 
the  blow-pipe.  The  small  quantity  which  we  possessed  being 
consumed  in  our  attempts  to  obtain  tellurium,  I  was  obhged  to 
defer  the  examination  of  it  till  1  could  procure  a  greater  quantity 
of  it. 

During  my  experiments  on  selenium,  I  recollected  this  pre- 
tended ore  of  tellurium,  and  having  applied  to  the  person  whi> 
had  sent  the  specimen  to  Gahn,  I  was  fortunate  enough  to  obtaia 
a  quantity  sufficient  for  an  analysis  of  it. 

As  far  as  I  can  judge  from  the  spetimens  of  this  mineral 
which  I  have  seen,  it  possesses  the  following  properties  : 

lis  colour  is  leaden  grey  ;  it  has  the  metallic  lustre ;  the  frac- 
tnre  is  granular  and  subcrystalUne,  without  its  being  possible  tA 
discover  other  signs  of  crystallization.  It  is  soft,  and  may  be  cut 
with  a  knife ;  where  cut,  it  has  the  brilliancy  of  silver.  It 
receives  impressions  from  the  hammer. 

Before  the  blow-pipe,  it  melts,  and  gives  out  a  strong  smeU  oF 
horseradish,  leaving  a  small  grey  metallic  button,  which  conti- 
nues long  to  exhale  the  smell.  If  we  fuse  it  with  borax,  that 
saUne  substance  becomes  copper-green,  and  a  brittle  metallic 
button  separates,  which  is  a  seleniuret  of  silver.  A  solution  of 
this  mineral  in  boiling  nitric  acid  mixed  with  cold  water  gives  & 
white  precipitate,  which  is  seleniate  of  silver,  and  which  haft 
probably  led  to  the  notion  that  it  was  au  ore  of  tellurium. 

The  mineral  is  mixed  with  carbonate  of  lime  and  with  black 
parts,  which,  when  scratched  by  the  knife,  assume  the  metallic 
lustre,  melt  with  difficulty  before  the  blow-pipe,  giving  out  the 
odour  of  selenium,  dissolve,  when  fused  with  borax,  givmgitthe 
green  colour  of  copper,  and  exhibit  no  traces  of  reduced  silver. 
tliB  black  parts  appear  to  be  a  serpentine  imbibed  with  seleniuret 
of  copper. 

For  analysis  I  selected  pieces  as  pure  as  possible,  and 
I  divided  them  into  very  small  grains,  to  be  sure  tliat  they  coa- 
twned  110  visible  portion  of  these  foreign  bodies. 

a.  One  hundred  parts  of  the  mineral  were  dissolved  in  boiling 
nitric  acid.  The  solution  was  diluted  with  boiling  water,  and 
then  filtered.  The  liquid  which  passed  fell  into  a  solution  of 
numate  of  soda,  and  the  matter  which  remained  upon  the  filter 
was  washed  with  dilute  boihng  nitric  acid  as  long  as  the  liquid 
that  passed  through  continued  to  trouble  the  solution  of  the 
muriate. 
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after  being  well  washed,  dried,  and  fused,  weighed  60*7  parts, 
equivalent  to  38*93  parts   of  metallic  silver.     On  the   ffltar 
remained  a  mixture  of  silica  and  stony  matter  foreign  to  the 
composition  of  the  dissolved  mineral.    When  heated  to  redness,,* 
it  weighed  four  parts. 

b.  The  liquid  from  which  the  silver  had  been  separated  was 
precipitated  by  sulphuretted  hydrogen  gas.  The  precipitate  was- 
redissolved  in  nitromuriatic  acid,  and  the  acid  liquid  concentrated 
till  the  whole  nitric  acid  was  decomposed.  It  was  then  diluted 
with  water,  and  sulphite  of  ammonia  added.  It  became  gradually 
muddy,  and  of  a  cinnabar-red  colour.  After  some  hours,  it  was 
boiled,  adding  from  time  to  time  small  portions  of  sulphite  of 
ammonia.  The  boiling  was  continued  two  hours  to  be  quite 
sure  of  precipitating  the  whole  of  the  seleniijm.  Collected  on  a 
filter,  dried,  and  almost  fused  on  the  filter,  it  weighed  26  parts. 

c.  The  liquid  separated  from  the  selenium  and  deprived  by 
boiling  of  the  residual  sulphurous  acid,  was  precipitated  by  the 
subcarbonate  of  potash.  The  green  precipitate  oeing  washed, 
dried,  and  heated  to  redness,  became  black,  and  was  peroxide  of 
copper.  It  weighed  27  parts,  equivalent  to  21 '56  parts  of 
metallic  copper.  This  oxide,  dissolved  in  muriatic  add,  and 
mixed  with  an  excess  of  ammonia,  dissolved  completely  with  the 
blue  colour  of  copper.  The  alkaline  liquid  from  which  the  car- 
bonate of  copper  had  been  separated,  had  still  a  green  tinge.  It 
was  concentrated,  acidulated  with  muriatic  acid,  and,  by  means 
of  an  iron  plate,  I'd  part  of  copper  was  still  separated  from  it,- 
which  makes  the  whole  of  the  copper  to  amount  to  23*06. 

The  liquid  precipitated  in  b  by  sulphuretted  hydrogen  gas,' 
being  deprived  by  boiling  of  the  excess  of  gas,  was  mixed  with 
caustic  ammonia,  which  occasioned  a  yellow  precipitate,  which,, 
when  dried,  weighed  1*8  part.  It  was  a  mixture  of  oxide  of  iron 
and  alumina.  I'he  liquid  from  which  it  had  been  separated  was 
mixed  with  an  excess  of  subcarbonate  of  potash,  and  evaporated 
to  dryness.  The  saline  mass,  being  dissolved  in  water,  left  a 
white  eardi,  which,  when  dried,  weighed  3*1  parts.  Sulphuric- 
acid,  being  mixed  with  this  earth,  occasioned  an  effervescence 
with  the  production  of  gas.  The  liquid  separated  from  this  last 
and  evaporated  became  gelatinous,  and  deposited  silica.  It 
appeared  also  to  contain  magnesia ;  but  I  neglected  it  because 
4hese  earths  were  obviously  foreign  to  the  metallic  mineral. 

The  result  of  the  analysis  was  : 

Silver 38-93 

Copper 23-05 

Selenium 26-00 

Foreign  earthy  matter 8-90 

^                    Loss 312 

locnao 
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This  great  loss  muat  be  paitly  attributed  to  the  carbonic  acid 
united  to  the  lime,  ia  a  great  meaGure  to  tlie  selenium  which  it  is 
difficult  to  separate  completely,  Rud  partly  to  the  unavoidable 
loss  ia  this  kind  of  experiment. 

The  38-93  parts  ot^  silver  combine  with  286  oxygen.  The 
23*05  of  copper  require  to  form  the  protoxide  2-91  parts  of  oxy- 
gen; and  the  26  parts  of  selenium  in  order  to  be  acidified 
require  10'3  parts.  We  see  from  this  that  the  two  metals  absorb 
an  equal  quantity  of  oxygen,  and  that  the  selenium  absorbs 
twice  as  much ;  that  is  to  say,  that  they  are  combined  in  the 
&ame  proportion  as  in  the  neutral  aeleniate  of  silver  and  the  pro- 
toseleniate  of  copper.  Hence  the  chemical  composition  of  this 
mineral  may  be  expressed  by  the  following  symbol ;  2  Cu  Se 
+  Ag  Se'.  It  may  be  requisite  to  recall  to  the  attention  of 
tie  reader  another  mineral  recently  described  by  MM.  Hauss- 
man  and  Stromeyer,*  to  which  they  have  given  the  name  of 
silber-kapfer  glans,  and  the  composition  of  which,  according  to 
their  analysis,  is  2  Cu  S  +  AgS";  so  that  there  exists  native 
a  double  Eulphuret  analogous  to  the  double  seleniuret,  which 
I  have  just  described.  These  two  minerals,  therefore,  ought 
to  be  placed  beside  each  other  in  the  mineralogical  system. 

As  this  mineral  requires  aname  not  derived  fromits  composU 
tioo,  for  the  sake  of  shortness,  I  have  called  it  eukairite  (from 
tutcmpof,  opportumis);  because  I  consider  the  accidental  discovery 
of  selenium  in  the  mineral  kingdom  just  at  the  time  that  I  had 
finished  my  experiments  on  this  interesting  body,  as  a  pecuharly 
ibrtunate  circumstance. 

I  could  not  at  first  discover  whence  this  pretended  ore  of 
tellurium  came  ;  but  having  consulted  M.  Hisinger,  to  whom 
Swedish  mineralogy  lies  under  sucli  obligations,  he  immediately 
knew  that  the  mineral  came  from  an  old  abandoned  copper  mine 
at  Skrickerum,  in  the  parish  of  Tryserum,  in  Smoland,  and  that 
specimens  of  it  were  occasionally  observed  in  old  collections 
Tmder  the  name  of  native  bismuth  of  Skrickerum.  I  examined 
afterwards  the  specimens  from  that  mine  found  in  the  collection 
of  the  College  of  Mines  at  Stockholm,  and  had  the  satisfaction 
to  find  avery  good  specimen  of  eukairite.  It  is  surrounded  by  a 
serpentine  of  a  black,  or  dark-green  colour,  which,  at  the  point 
of  contact  with  the  eukairite,  is  penetrated  by  seleniuret  of 
copper,  in  which  only  traces  of  silver  can  be  observed.  Th» 
eefentceferous  serpentme  is  found  here  and  there  in  the  mass  oF 
the  eukairite,  as  I  remarked  above.  The  quantity  of  seleniuret 
of  copper  in  the  serpentine  diminishes  in  proportion  as  its  dis- 
tance from  the  eukairite  increases.  In  its  neighbourhood,  it 
becomes  metallic  when  rubbed  with  a  hard  body  ;  but  this  does 
not  happen  at  a  distance  from  the  eukairite ;  and  when  the  interval 
amounlH  to  a  line  and  a  half,  all  trace  of  selenium  disappears. 

•  OHhwt'i  ABOBlcn  in  Phjilk,  1816,  vol.  x.  p.  III, 
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This  serpentine,  when  treated  ivith  concentrated  muriatic  acid, 
is  decomposed ;  but  the  Uquid  contains  neither  selenium  nor 
copper :  tnese  two  bodies  remain  undissolved  with  the  silica-^ 
proof  that  neither  of  them  existed  in  the  mineral  in  the  state  t>f 
oxide.  On  the  other  side,  both  nitric  and  nitromuriatic  acids 
dissolve  the  two  metals  before  they  have  begun  to  attack  the 
serpentine.  In  the  mine  of  Skrickerum,  we  find  the  following 
minerals  along  with  the  eukairite :  yellow  sulphuretted  copper, 
sometimes  iridescent,  sometimes  in  its  natural  state,  and  some- 
times with  a  compact  and  tarnished  fracture ;  carbonate  of  lime; 
serpentine  partly  black,  partly  dark-green,  and  partly  pale- 
green  ;  and  anthracite  mixed  with  carbonate  of  lime  in  very  thin 
beds,  which  intercept  the  anthracite  at  the  distance  of  one-sixth^ 
or  one-third  of  a  lii^e. 

The  discovery  of  selenium  at  Skrickerum  occasioned  a  more 
attentive  examination  of  what  might  be  found  from  that  mine  in 
collections.  M.  Swedenstierna  found  beautiful  specimens  of  a 
carbonate  of  lipie,  which  had  great  black  spots  in  it,  and  he  sent 
me  a  specimen  of  it  for  examination.  1  observed  that  these 
spots  were  formed  round  natural  clefts  in  the  carbonate,  and 
when  the  mineral  was  divided  through  these  clefts,  the  new 
surfaces  were  found  covered  with  a  white  metallic  vegetation. 
A  small  plate  of  the  black  mass  surrounding  the  clefts,  being 
seen  through  a  compound  microscope,  presented  a  metaUic  vege- 
tation, which  penetrates  the  substance  of  the  limestone  ineveiy 
direction. 

I  separated  the  metallic  substance  from  the  lime  by  dissolving 
this  last  in  muriatic  acid.  A  considerable  black  mass  remained, 
which  was  dissolved  in  nitric  acid.  The  solution,  being  mixed 
vnth  nitrate  of  barytes,  did  not  give  any  precipitate.  Muriate  of 
soda  precipitated  nothing ;  but  after  an  interval  of  some  minutes, 
the  liquid  began  to  assume  a  milky  aspect,  and  in  some  houis 
gave  traces  of  a  precipitate.  The  Uquid,  which  was  blue,  being 
mixed  with  an  excess  of  ammonia,  did  not  let  any  thing  fall ;  but 
with  subcarbonate  of  potash,  it  formed  subcarbonate  of  copper, 
and  I  then  separated  from  the  residual  liquid,  rendered  acidmous 
by  muriatic  acid,  selenium,  by  means  of  sulphite  of  ammonia. 
Hence  the  mineral  which  produces  these  black  stains  is  a  sele- 
niuret  of  copper  vnthout  any  mixture  of  silver.  Likewise  the 
metallic  vegetation  foimd  in  the  clefts  contains  no  traces  of 
silver,  as  I  ascertained  by  detaching  a  small  quantity  which  had 
been  dissolved  in  nitric  acid  and  then  mixed  with  muriatic  acid, 
without  any  other  result  than  a  feeble  opalescence. 

It  is  well  worth  remarking  that  it  is  only  the  seleniuret  of 
copper  which  is  found  filtered  into  the  porous  parts  of  the  car- 
bonate of  Hme,  as  well  as  of  the  serpentine.  Hence  it  seems  to 
follow  that  the  seleniuret  of  copper  was  more  liquid  than  the 
eukairite  at  the  time  when  these  stony  masses  assumed  theic 
actual  form. 
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Seleniuret  of  copper  has  a  paler  colour  than  eukairite,  and 
bas  aliDost  the  appearance  of  native  silver.  It  is  soft,  may  be 
hammered  and  polished,  and  then  assumes  the  colour  of  tin. 
Even  the  black  spots  of  the  carbonate  of  lime  assume  a  metallic 
polish  when  filed  or  rubbed  against  a  hard  body.  When  heated 
in  the  requisite  vessel,  it  does  not  yield  selenium.  Hence  it  is  a 
protoseleniuret. 

We  have  then  two  species  of  minerals  containing  selenium; 
both  of  which  ia  the  cliemical  system  of  mineralogy  belong  to 
tJie  family  of  copper ;  namely,  seleniuret  of  copper  =  Cu  Se,  to 
which  I  think  it  superfluous  to  give  any  other  name  than  the 
chemical  appellation ;  and  eukairite  =  2  Cu  Se  +  Ag  Se'. 


Kswer  to  Mr.  Venahles's  Qutries  respecting  Ci/der-viakiitg. 
By  Chemico-Medicus. 

(To  Dr.  Tliomson.) 

■    SIB,  BollBn-rta,  Picc/idillf,  Oel.9,  1819. 

HE  attention  I  have  paid  to  the  making  of  cyder,  and  other 
nous  liquors,  in  this  country,  has  emboldened  me  to  answer 
the  queries  of  your  correspondent,  the  Rev.  Mr.  Venables,  rela~ 
tive  to  fermentation  of  the  juice  of  the  apple. 

To  the  first  Query. — I  know  of  no  method  of  neutralizing  the 
midic  acid,  except  by  an  alkali,  which,  of  course,  would  injure 
the  cyder.  If  the  apples  which  yielded  the  juice  were  not  ripe, 
it  certainly  would  be  advisable  to  add  to  it,  previously  to  ferment- 
ing it,  a  quantity  of  sugar,  otherwise  the  fermented  liquor  will  be 
GO  weak  that  it  will  soon  run  into  the  acetous  fermentation.  If 
this  addition  be  not  made,  a  portion  of  some  alcohol,  as  brandy, 
nun,  or  malt  spirit,  should  be  added,  to  keep  the  cyder  in  a  vinons 
state.  Brandy,  I  know,  is  made  use  of  by  some  cyder-makers, 
near  Ledbury,  in  Herefordshire,  with  a  view  of  preventing  it 
passing  beyond  the  vinous  stage,  or,  as  they  say,  to  preserve  its 
richness  ;  and  those  makers  are  particularly  celebrated  for  mak- 
ing superior  cyder.  The  addition  of  a  spirit,  after  the  first  stage 
of  ferraentalion,  I  consider  to  have  the  same  effect  as  that  of 
sugar  previous  to  fermentation;  the  advantage  of  the  latter 
arising  from  a  production  of  a  spirit  which  preserves  the  cyder 
in  a  vinous  state.  Another  circimistance  which  powerfully  con- 
tributes to  this  end  is  the  grinding  of  the  kernels  of  the  apples, 
as  suggested,  I  think,  by  Mr.  B.  Paine  Knight,  the  peculiar 
bitter  qualitif  of  which  not  only  gives  the  cyder  a  fine  flavour, 
but  very  powerfully  tends  to  preserve  it  in  a  vinous  state.  Some 
-^     |B|^  waajed  tp.mke  experitftenta  ■wfti  "^fc  ^*^|^SSS£ 
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roots  of  this  country  by  grinding  them  with  apples^in  consequence 
of  seeing  in  a  periodical  work,  entitled  The  Grazette  of  Health, 
the  beet-root  recommended  to  be  added  to  the  apples  at  the 
time  of  grinding^  with  the  view  of  imparting  sacchanne  matter. 
The  cyder  -was  certainly  much  enriched  by  the  addition,  but  I 
was  not  a  Uttle  disappointed  in  the  colour,  which  I  expected  to 
have  found  beautifully  red.  The  colour  imparted  to  the  recentfy 
expressed  juice  by  the  beet-root  was  entirely  destroyed  by  the 
fermentative  process.  I'he  cyder  had  a  peculiar  earthy  flavour, 
which  was  not  relished  by  cyder  drinkers.  Both  the  parsilip 
and  the  carrot  considerably  enriched  the  juice  of  the  apples,  and 
did  not  affect  the  flavour  of  the  cyder.  It  is  worthy  of  notice  that 
in  Herefordshire  and  in  Devonshire  the  farmers  add  a  considerable 
quantity  of  water  to  the  apples  at  the  time  of  grinding  them, 
which  they  contend  renders  it  rough.  The  water  is  generally  in 
such  quantity  as  to  constitute  more  than  one-half  of  the  expressed 
liquor.  This  is  the  cyder  generally  drunk  in  both  counties^  and 
preferred  by  the  farmers  for  their  own  use.  Hearing  a  farmer, 
who  made  about  800  hogsheads  annually^  obstinately  contend 
that  an  addition  of  water  to  the  apples,  when  in  the  mill, 
increased  the  strength  of  the  cyder,  1  was  induced  to  examine 
the  article  thus  made,  and  also  that  which  was  not  strengthened 
by  adding  water.  The  former  I  found  did  not  afford  half  the 
quantity  of  spirit  as  the  latter.  To  the  palate  the  former,  as  the 
farmer  contended,  appeared  stronger  and  rougher.  On  examin- 
ing it,  I  soon  discovered  that  this  supposed  strength  depended 
on  the  presence  of  vinegar !  The  fact  was  soon  evident,  that  the 
expressed  juice  thus  diluted  speedily  ran  into  the  acetous  fermen- 
tation, and  that  instead  of  cyder,  they  were  drinking  a  dilute 
vinegar ;  and  to  it  the  natives  give  a  preference.  Indeed  cyder 
in  aproper  vinous  state,  they  condemn,  supposing,  on  account  of 
its  being  somewhat  sweet,  that  it  has  been  "  doctor'dJ' 

Second  Query. — The  effect  of  boiling  the  malic  acid,  as  it 
exists  in  cyder,  will  be  a  dissipation  of  the  spirit,  and  conse- 
quently the  liquid  will  soon  become  vinegar.  Your  correspond- 
ent's query  is  by  no  means  clear  to  me — I  presume  he  means 
the  boiling  of  cyder,  and  not  the  pure  (concentrated)  malic  acid^ 
which  he  must  be  aware  can  undergo  no  change  by  boiling. 

Third  Query, — I  know  of  no  other  means  of  clearing  the  liquor 
before  fermentation  from  impurities  than  by  straining  it.  During 
fermentation  much  passes  on  through  the  oung-hole,  and  much 
is  deposited.  If  it  remains  foul  after  fermentation,  it  may  be 
cleared  by  isinglass. 

Fourth  Query, — I  cannot  speak  positively  as  to  close  fermen- 
tation. Mr.  R.  Paine  Knight  recommends  close  fermentation, 
by  which,  he  says,  the  flavour  of  the  apple  is  preserved.  I  have 
tasted  veiy  fine  cyder  that  was  thus  fermentea,  but  a  quantity  of 
brandy  was  added  to  preserve  it  in  a  vinous  state.  If  the  fermen- 
tation be  conducted  in  a  wide  vessel  entirely  open,  the  alcohol 
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will  fly  off,  and  the  liq^uor  will  rapidly  advance  to  the  acetous 
fermentation.  I  think  it  right,  however,  to  allow  the  carbonic 
acid  gas  to  pass  off, 

i'V/W(  Qneiy. — The  lees  of  cyder  in  only  t!ie  feculent  part  of 
the  fiquor  deposited.  I  should  suppose  that  no  person  could 
-expect  such  an  article  to  contain  as  much  spirit  as  clear  cyder. 

Stjrth  Query. — That  cyder  is  iveakened  by  racking  is  very 
evident,  because  the  spirit  flies  ofi'.  This  process  is  often  neces- 
sary to  quiet  cyder,  by  getting  rid  of  carbonic  acid  gas.  After 
Sarting  with  this  gas  and  a  portion  of  alcohol,  the  feculent  matter 
iffused  through  it  is  genenilly  deposited. 

r  see  no  reason  why  cyder  should  not  be  made  in  this  country 
equal  to  many  of  the  Rihenish  wines.  The  juice  of  the  apple 
eootains  a  sufficient  portion  of  acid,  and  the  malic  acid  is 
assuredly  as  pleasant  as  that  of  any  grape.  The  expressed  juice 
is  deficient  in  saccharine  matter,  and  this  deficiency  may  be 
made  up  by  adding  that  of  other  vegetables.  For  this  purpose, 
I  prefer  germinated  wheat.  By  grmding  this  article  with  the 
apples,  the  juice  is  considerably  enriched;  and,  when  properly 
fermented  fur  three  days  with  a  little  yeast  (about  half  a  pint  to 
120  gallons),  the  cyder  will  be  found  equal  to  the  wine  commonly 
dran^  in  Germany. 

In  many  parts  of  Herefordshire  and  Worcestershire,  the  crab  is 
very  abundant.  The  fruit  the  farmers  seldom  collect ;  and  when 
they  do,  they  grind  it  for  making  verjuice,  which  is  sometimes. 
used  for  vinegar,  but  generally  kept  for  bruises  and  sprains. 
This  acid  ditFers  only  from  that  of  the  apple  in  strength.  If  the 
juice  be,  therefore,  diluted  with  water,  and  a  quantity  of  sugar 
added  (in  the  proportion  of  an  ounce  to  a  pint),  the  fermented 
liquor  will  be  equal  to  the  best  cyder.  I  have  knon-n  this  liquor 
pronounced  excellent  cyder  by  good  judges  of  the  article.  There 
IS  in  the  cyder  counties  a  strange  prejudice  against  the  employ- 
ment of  sugar  in  making  of  cyder.  The  vulgar  suppose  that  the 
article  is  rendered  weak  by  it,  and  thai  the  only  object  for  which 
it  can  be  used  is  to  render  it  palatable.  Such  cyder,  they  say^ 
is  only  fit  for  ladies. 

If  you  deem  this  communication  worthy  a  place  in  yotirjour- 
nal,  I  shall  occasionally  contribute  my  mite  towards  its  laudable 
object.  i  am.  Sir,  your  obedient  servant, 

Chemico-Medicus. 

On  reperusing  the  foregoing  letter,  I  find  I  have  omitted  to 
notice  one  remark  made  by  Mr.  Venables  respecting  the  expo- 
sure of  the  pulp  of  the  apple  to  the  atmosphere.  This  is  parti- 
cularly recommended  by  Mr.  R.  P.  Knight,  who  asserts  that  the 
juice  thereby  acquires  an  increase  of  saccharine  matter.  The 
experiments  I  have  made  certainly  confirm  this  statement ;  but 
cyder  so  made,  I  have  thought,  sooner  runs  into  the  acetoua 
fermentation,  probably  in  consequence  of  attracting  oxygen. 
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Article  V. 

On  the  Cornea  of  the  Eye.    By  Mr.  Booth. 
(To  Dr.  Thomson.) 

SIR,  Barnet^  Nov.  SO,  1819. 

As  the  pages  of  ^our  Annals  are  not  generally  occupied  by 
anatomical  subjects^  it  might  be  supposed  the  following- observa- 
tions were  misplaced.  But  as  they  refer  to  the  structure  and 
functions  of  the  eye^  and  a  peculiar  action  of  that  orean  upon 
light;  they  are  so  connected^  perhaps^  with  the  other  more 
immediate  objects  of  your  journal  as  to  eJlow  of  their  insertion. 

It  is  a  well-known  anatomical  fact^  that  if  a  moderate  degree 
of  pressure  be  applied  to  the  sides  of  an  eye  after  removal  from 
the  socket,  its  axis-  becomes  increased ;  the  crystalline  lens  iB 
thrust  forward  ;  the  cornea  becomes  distended  by  means  of  the 
aqueous  humour ;  and,  at  ti^e  same  time,  is  renaered  perfectly 
opaque.  This  opacity  is  not  permanent ;  for  the  moment  the 
pressure  is  removed,  it  regains  its  former  transparency,  and  this 
effect  may  be  continually  varied  as  we  vary  the  pressure,  i  was 
induced  to  examine  this  phenomenon  rather  more  minutely,  from 
having  lately  observed  that  it  was  not  produced  in  very  fresh 
eyes ;  and  hearing  it  remarked  that  if  all  the  layers  of  the 
cornea,  except  the  last,  are  removed,  this  effect  does  not  take 
place. 

I  had  originally  considered  this  opacity  to  depend  upon  a 
pecuUar  polarity,  given  by  means  of  the  pressure  to  the  aqueous 
humour  contained  in  the  anterior  chamber  of  the  eye,  and  which 
might  become  more  obvious  a  short  time  after  death  on  account 
of  some  chanee  that  might  have  taken  place  in  the  nature  of  the 
fluid.  This,  however,  could  not  be  the  case,  as  the  opacity 
ceases  on  the  removal  of  the  several  layers  of  the  cornea^ 
although  an  equal  degree  of  pressure  be  applied.  It  must,  there* 
fore,  evidently  d€pena  upon  some  change  produced  by  the  pres- 
sure of  the  aqueous  humour  upon  that  membrane.  The  cornea 
cannot,  in  this  instance,  be  in  its  natural  state ;  and  some  mecha- 
nical or  morbid  alteration  must  previously  have  takei>  place 
before  the  opacity  could  have  been  produced.  I  removed 
several  cornese  from  eyes  and  placed  them  between  slips  of  glass ; 
upon  applying  pressure,  those  which  had  been  taken  from  recent 
eyes  suffered  no  change ;  while  the  others  became  opaque. 
The  opacity  was  the  same  by  transmitted  as  by  reflected  light. 
This  rendered  it  certain  as  to  its  depending  upon  the  cornea, 
and  to  some  change  that  must  have  taken" place  in  it.  After 
death,  a  transudation  of  the  aqueous  humour  takes  place  through 
the  layers  of  the  cornea,  and  it  is  to  the  quantity  of  this  fluid 
contamed  between  the  layers  that  the  opacity  of  the  cornea  may 
be  referred.    Whether  the  opacity  depends  upon  presture  com- 
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municated  by  the  layers  of  the  cornea  to  the  particles  of  aqueous 
fluid  contained  between  them ;  or  by  a  mutual  action  upon  each 
other,  I  am  at  present  unable  to  say.  But  the  fact  is  evident 
that  if  pressure  be  apphed  to  a  cornea  containing  aqueous 
humour  between  its  layers,  a  peculiar  polar  arrangement  takes 
place  producing  perfect  opacity.  I  should  not  suppose  any 
change  to  have  taken  place  in  the  nature  of  the  cornea;  for 
even  in  the  fresh  eye,  the  effect  may  be  produced,  by  applying  a 
remitted  pressure  lor  a  short  tinue — pumping,  as  it  Were,  the 
fluid  into  the  layers  of  the  cornea.  If  the  tunica  conjunctiva  be 
removed,  t'ue  fluid  will  be  seen  exuding  from  the  surface  in  the 
form  of  dew,  and  the  effect  gradually  takes  place.  It  is  more 
obvious  when  the  conjunctiva  ts  not  removed,  or  account  of  its 
being  a,  more  impervious  membrane,  and  byofl'eringa  resistance 
to  the  passage  ol  the  humour  allows  a  greater  accumulation  of  it 
between  the  layers  of  the  cornea.  When  all  the  layers  are 
removed  except  the  last,  the  whole  structure  upon  which  the 
phenomenon  depended  becomes  destroyed ;  for  in  this  case,  the 
fluid  having  only  one  layer  to  pass  through,  it  escapes  without 
any  degree  of  pressure,  and  without  producing  any  eflect; 
tvfaereas  when  more  than  one  layer  exist,  the  fluid  becomes 
entangled  between  them,  and  in  this  situation  is  affected  by  the 
pressure  from  behind. 

In  Mr.  Wardrop's  Anatomy  of  the  Eye,  he  mentions  a  case  of 
opacity  resulting  from  a  larger  secretion  of  aqueous  fluid  tbaa 
usual ;  and  being  induced  to  puncture  the  cornea  to  allow  some 
of  it  to  escape,  he  found  the  transparency  instantly  restored. 
The  opacity,  in  this  instance,  most  likely  depended  upon  some 
morbid  peculiarity  of  the  cornea,  communicated  to  it  by  the 
disease  existing  in  the  contiguous  membrane  of  the  aqueous 
humour,  and  which  had  primarily  produced  an  increase  of  that 
fluid.  This  morbid  pecuharity  allowing  of  a  transudation  of  the 
fluid  between  its  coats,  which,  beingacted  upon  by  the  pressure 
from  the  increased  quantity  of  aqueous  fluid,  produced  the 
epacity.  This  case  would  appear  to  depend  more  upon  the 
morbid  state  of  the  cornea  than  the  pressure  ;  for  we  have  often 
an  increase  in  the  quantity  of  aqueous  fluid  in  the  anterior 
chamber  of  the  eye,  producmg  pressure,  but  not  opacity. 

By  causing  various  fluids  to  pass  between  the  layers  of  the 
membrane,  I  was  in  hopes  of  arriving  at  a  more  certain  know- 
ledge of  the  nature  of  this  polarity ;  my  results,  from  the  imper- 
fect manner  in  which  ray  experiments  were  performed,  were  too 
various  to  place  much  conhdence  in  them.  As  I  intend  pursuing 
the  Btdiject,  should  I  be  able  to  arrive  at  any  thing  determinate, 
1  may  again  obtrude  myself  upon  the  pages  of  your  journal. 
I  am,  Sir,  your  most  obedient  servant, 

Thomas  S.  Booth. 
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Article  VI. 

Experiments  on  the  Gas  from  Coal,  chiefly  with  a   View  to  its 
Practical  Application.    By  William  Henry,  M.D.  F.R.S.  &c. 

{Concluded  from  toI.  xiv.  p.  344.) 

On  the  Purification  of  Coal  Gas. 

The  chief  impurities  mingled  with  the  gas  from  coal,  which 
it  is  desirable  and  practicable  to  remove  before  applying  it  to  use, 
are  carbonic  acid  and  sulphm'etted  hydrogen  gases.  The 
former  is  of  little  importance ;  but  the  latter  imparts  to  the  coal 
gas,  when  unbumed,  a  very  offensive  smell,  resembling  that  of 
bilge  water,  or  the  washings  of  a  gun-barrel,  and  the  inconve- 
nient property  of  tarnishing  silver  plate  ;  and  during  combustion 
gives  rise  to  the  same  suffocating  fumes  (sulphurous  acid)  which 
are  produced  by  the  burning  of  a  brimstone  match.  The  most 
obvious  method  of  absorbing  both  the  carbonic  acid  and  the 
sulphuretted  hydrogen  is  to  bring  the  recent  gas  into  contact 
with  quicklime  ;  and  the  cheapness  of  that  substance,  and  faci- 
lity of  applying  it,  led  me,  several  years  ago,  to  propose  it  for 
the  purpose.*  It  has  since,  I  believe,  been  suggested  that  the 
sulphuretted  hydrogen  may  be  removed  by  chlonne ;  but  a  sufiB- 
xjient  obiection  to  this  agent  is,  that  it  would  also  separate  the 
most  valuable  part  of  the  product,  the  defiant  gas.  The  trans- 
mission of  the  gas  through  ignited  tubes  has  also  been  proposed; 
but  it  is  a  well-known  property  of  both  the  varieties  of  carburet- 
ted  hydrogen,  that  they  deposit  charcoal,  when  strongly  heated ; 
and  M.  Berthollet  has  shown  that  the  amount  of  this  effect  is 
proportionate  to  the  increase  of  temperature .f    Some  persons 

Sractically  engaged  in  lighting  with  gas  have,  to  my  knowledge, 
een  led,  by  the  increase  of  the  quantity  of  gas  which  is  obtained 
by  passing  it  through  red-hot  tubes,  to  imagine  that  an  advan- 
tage is  thus  gained ;  and  they  have  not  been  aware  that  the  gas, 
when  thus  treated,  sustains  a  much  more  than  proportional  Tos& 
of  illuminating  power. 

The  quantity  of  quicklime  required  for  the  absorption  of  a 
cubic  foot  of  carbonic  acid,  or  of  the  same  volume  of  sulphuretted 
hydrogen  gas,  will  be  found  on  calculation  not  to  exceed  1050 
grains,  or  about  24.  ounces  avoirdupois.  A  volume  of  coal  g;as 
containing  a  cubic  foot  of  each  of  those  impurities  will  reqmre;^ 
therefore,  at  least  five  ounces  of  lime  appUea  in  the  best  possible 
manner.  But  it  is  never  found  in  practice  that  the  whole  of  any 
gas,  when  sparingly  diffused  through  another,  can  be  taken  out 
entirely,  witnout  using  much  more  of  the  appropriate  agent  than, 
from  its  known  powers  of  saturation,  might  have  been  deemed 
equivalent  to  the  effect.    The  proportion  employed  by  Mr«  Lee 

•  Phil.  TraDS.  1808,  p.  303.  f  Memoirea  dela  So€.d*^rc«til,  ili«  154. 
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is  fire  pounds  of  fresh  burtit  lime  to  200  cubic  feet  of  gas.  The 
lime,  after  the  addition  of  the  quantity  of  water  necessaiy  to 
reduce  it  into  powder,  is  passed  through  a  sieve,  and  then  mixed 
with  a  cubic  foot  (about  1\  wine  gallons)  of  water.  This  is 
found  to  be  enough  to  purify  the  gas  sufficiently  for  ordinary 
purposes  ;  but  it  still  retains  a  minute  proportion  of  sulphuretted 
hydrogen,  which,  from  the  shade  of  colour  produced  in  the 
test,  may  be  estimated  at  about  t-^J-j-e-Ui  of  its  volume.  For 
some  purposes,  the  same  gas  is  therefore  washed  a  second  time 
with  a  similar  proportion  of  fresh  lime,  which,  without  being 
removed  from  the  cistern,  is  again  employed  to  give  the  first 
washing  to  another  quantity  of  fresh  gas.  After  the  second 
purification,  the  gaa  produces  no  change  whatever  in  the  test, 
which  preserves  its  perfect  whiteness,  thereby  demonstrating  the 
complete  removal  of  the  sulphuretted  hydrogen.  In  this  state 
of  purity,  its  odour  also  is  so  much  diminished  as  scarcely  to  be 
at  all  oneosive. 

In  order  to  ascertain  whether  any,  and  what  portion  of  olefiant 
or  carburetted  hydrogen  gas  is  lost  by  the  action  of  the  lime 
liquor,  I  compared,  with  the  greatest  care,  the  products  of  the 
cgmbustion  of  the  recently  prepared  gas,  and  ot  the  same  gas' 
ailer  one  and  two  washings  with  hme  and  water. 

Consumed  nijgpn.    Gave  catb,  ncld, 

100  measures  of  the  unwashed  gas . .  190    108 

Gas  once  washed 175    100 

Twice  washed 175    100 

The  frequent  repetition  of  similar  experiments  fully  satisfied,' 
me  that  the  fresh  prepared  gas  from  coal  does  in  fact  sustain,  by 
agitatio:i  with  lime  liquor,  a  loss  of  combustible  matter  amount- 
ing to  about  8  or  10  per  cent. ;  but  that  the  second  washing  is 
not  attended  with  any  further  appreciable  loss.  I  found  also  that 
the  recent  gas,  by  being  kept  a  fortnight  in  bottles  completely 
filled  with  it,  and  well  stopped,  so  as  to  exclude  all  agency  of 
the  water  in  which  they  were  inverted,  was  diminished  in  com- 
bustible matter  about  half  the  foregoing  amount.  On  the  other 
hand,  gas  which  had  been  washed  with  lime  liquor  suffered  no 
change,  when  kept  under  like  circumstances  for  an  equal  time. 
It  is  probable,  therefore,  that  what  is  separated  fi-om  the  , 
QDwashed  gas,  whether  by  keeping  or  by  the  action  of  lime 
liquor,  is  chiefly  condensable  matter,  partly  perhaps  an  etherial 
oil,  and  partly  a  substance  which  it  is  desirable  to  remove,  rather 
than  lo  allow  it  to  be  deposited  in  a  solid  form,  in  the  small 
pipes,  or  in  the  burners. 

The  h'ttle  effect  of  the  hme  liquor  on  the  olefiant  gas,  which   * 
I  had  not  aoticipated,  admits,  however,  of  being  satisfactorily    ' 
explained  on  known  principles.  Water  and  similar  fluids  absorb, 
according  to  Dalton,  about  one-eighth,  according  to  Saussure, 
I  about  one-seventh,  of  their  volume  of  olefiant  gas.    The  ■ut'oi'aKt 

■■foL-Xv.  N°r.  c  ^^a 
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quantity,  therefore,  which  a  cubic  foot  of  lime  liquor,  acting 
upon  pure  defiant  gas,  could  absorb,  would  be  one-seventh  of  a^ 
cubic  foot.  But  agreeably  to  a  law  discovered  by  Mr.  Dalton, 
and  explained  and  confirmed  by  my  own  experiments,*  a  cubic 
foot  of  lime  liquor,  when  brought  into  contact  with  36  cubic  feet 
of  defiant  gas  mixed  with  164  cubic  feet  of  other  gases,  can 
absorb  only  about  one-fifth  of  one-seventh,  or  -jj^ih  of  a  cubic 
foot  of  defiant  gas.  This  quantity,  which  does  not  exceed 
-pJi^^th  part  of  the  defiant  gas  present  in  200  cubic  feet  of  the 
best  coal  gas,  is  too  trifling  a  loss  to  be  discoverable  by  experi- 
ment, or  to  be  worthy  of  being  regarded  in  practice,  even  when 
doubled  by  a  second  washing.  It  is,  therefore,  consistent  with 
general  reasoning,  as  well  as  with  experiment,  that  the  washing 
of  coal  gas  with  a  due  proportion  of  lime  liquor  should  entirely. 
remove  the  sulphuretted  hydrogen  gas  and  otiier  ojBTensive  ingre- 
dients, without  abstracting  an  appreciable  quantity  of  either  of 
the  carburetted  hydrogen  gases.  It  is  nevertheless  important 
that  the  quantity  of  water,  employed  in  washing  the  gas,  should 
not  be  increased  beyond  what  is  necessary  to  give  the  mixture 
due  fluidity,  because,  under  equal  circumstances,  the  power  of 
water  to  absorb  a  gas  is  in  direct  proportion  to  the  quantity 
employed . 

Such  are  the  principal  circumstances  that  occurred  to  me  as 
requiring  to  be  investigated,  and  to  be  at  the  same  time  capable 
of  affording  results  that  may  admit  of  general  application  wnere- 
ever  coal  gas  is  employed  as  a  source  of  light.     There  are  others 
of  more  limited  utility  that  may  be  leftto  be  determined  by  those 
persons  who  are  interested  respecting  them ;  such  as  the  prefer- 
ence due  to  different  varieties  of  coal  as  sources  of  gas,  and 
sometimes  even  to  other  inflammable   substances,  which,  on 
account  of  local  situation,  may  be  entitled  to  preference  over 
coal.    The  facts  which  have  been  stated  supj^.also  data  for 
deciding  other  questions,  which  may  be  suggested  by  circiun-r 
stances  of  partial  interest ;  for  example,  whether  it  maynot.be 
adviseable,  in  somercases,  to  collect  only  the  first  portions  of 
gas;  or,  if  all  be  collected^  to  reserve  different  portions  apart, 
from  each  other,  and  to  apply  them  to  appropiate  uses.    Tnus^ 
when  coal  gas  is  conveyed  in  portable  gasometers  to  a  distance. 
(as  is  now  practised  by  Mr.  Lee  in  supplying  his  house  two  mUes.? 
from  the  manufactory f),  it  will  be  important  to  select >  that  ^gafi,. 
which  in  a  given  volume  has  the  highest  illuminating  power,  and-. 
which,  therefore,  requires  vessels  of  the.  smallest  capacity  foritli> 

«  Nicholson's  Journal,  8vo.  vii.  29T,  and  Thomson's  Annals^  ti'u  214» 
+  A  smaU  carriage  upbn  springs  conveys  two  square  close  gasometers  made-of 
wroiigiit  iron  plates,  an<)  eaob'ConCainiog  50  cubic  feet  of  perfectly  purified  gas^ 
equivalent  together  to  about  6  lbs.  of*  tallow.  Each  gasometer  Aveighs*  about 
100  lbs.  :ind  h^s  a  valve  at  the  bottom,  which  is  opened  by  the  upptgbt  main  pipCi 
the  moment  the  gasometer  is  immersed  in  the  pit.  The  strengtlief  one  man  is  fouD4 
.to  be  sufficient  for  the  labour  of  remo^riog  the  gasometer  from,  the  carrisge  to  its 
place. 
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conveyance.  Having,  I  hope,  furnished  documents  for  sotvin^, 
questions  of  this  sort,  I  shall  proceed  to  describe  in  what  man- 
ner the  facts  were  ascertained. 

Method  ofAnoli/sh. 

i.  Determination  of  the  Proportions  of  Carbonic  Acid  and* 
Sulphuretted  Hi/drogen  Gases  in  Coal  Gas, — In  experiments 
formerly  made  on  this  subject,  I  employed  the  agency  of  chlorine 
to  condense  both  these  impurities,  and  estimated  hew  much  of ' 
the  absorption  was  due  to  each,  by  a  rule  which  I  have  stated:* 
Recent  experience,  however,  has  led  me  to  distrust  this  method; 
and  after  comparing  tlie  effects  of  several  other  agents,  by  expe- 
riments on  mixtures  of  known  composition,  1  now  prefer  the 
white  carbonate  of  lead,  precipitated  irom  acetate  of  lead  by  car- 
bonate of  ammonia  without  heat,  and,  therefore,  f Lilly  saturated' 
with  carbonic  acid.  This  precipitate  it  is  better  not  to  dry,  but, 
after  Washing  it  sufficiently,  to  leave  it  under  as  much  water  as 
will  give  it,  when  wanted  for  use,  a  due  degree  of  fluidity.  This, 
mixture  may  be  applied  by  means  of  a  tube  of  the  capacity  of  a 
cubic  inch,  divided  into  lOU  equal  parts,  and  accurately  ground 
into  a  short  and  wider  piece  of  tube,  which  ought  not  to  contain 
more  than  three  or  four-tenths  of  that  quantity.  The  wider  tube 
being  filled  with  the  fluid  carbonate  of  lead,  and  placed  with  its 
mtmth  upwards  under  water,  the  graduated  measure  full  of  gas 
is  fitted  to  it ;  and  the  gas  and  liqyid  are  brought  into  contact 
by  alternately  inverting  the  two  tubes,  all  violent  agitation  being 
carefully  avoided.  The  sulphuretted  hydrogen  is  thus  absorbed, 
and  the  carbonic  acid,  being  left  untouched,  is  afterwards  taken 
ont'from  the  same  portion  of  gas  by  a  similar  use  of  solution  or' 
pare  potash. 

2.  To  ascertimi  the  Proportion  of  Oiefiant  Gas  in  the  Residue" 
left  by  Po^ajA.— From  25  to  30  hundredtlis  of  a  cubic  inch  of 
chlorine  gas  are  passed  into  a  tube  of  the  diameter  of  about 
.f^ths  of  an  inch,  accurately  divided  into  hundredths  of  a  cubic' 
inch ;  and  the  volume  of  the  chlorine  is  noted  when  actually  m 
the  tube,  to  avoid  errore  from  its  absorption  in  rising  tlirough  the 
water.  To  this  is  admitted  half  a  cubic  inch  (equivalent  to  50 
nffiaenres)  of  the  gas  under  examination,  and  the  mixture  is  left, 
excluded  from  the  direct  light  of  the  sun,  and  perfectly  quiescent, 
fof  15  minutes.  At  the  expiration  of  this  time,  the  remainder  is 
noted,  and  the  diminution  which  has  taken  place  being  divided 
by  3,  the  quotient  shows  the  quantity  of  oiefiant  gas  in  50  mea- 
sures of  the  mixture.  This  process,  I  am  aware,  nowever,  does 
not  give  results  of  perfect  accuracy;  for,  in  addition  to  other 
sources  of  fallacy,  1  find  that  ohlonne  begins  to  act  on  carbu- 
retted  hydrogenmuch  sooner  than  is  generally  supposed,  f  though" 
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within  the  period  mentioned,  and  in  such  narrow  tubes,  it  does, 
not  occasion  a  sensible  diminution  of  bulk.  The  method 
described  may,  therefore,  be  considered  as  affording  a  tolerably 
near  approximation  to  the  proportion  of  defiant  gas  ;  and  as  all 
the  varieties  of  coal  gas  were  subjected  to  the  test  under  pre- 
cisely the  same  circumstances,  the  errors  must  have  been  of 
nearly  the  same  amount  in  all  cases,  and  cannot  materially  inter-^ 
fere  with  the  fair  comparison  of  the  different  specimens  of  coal 
gas,  so  far  as  respects  their  proportion  of  defiant  gas. 

5.  To  ascertain  the  Quantity/  of  Combustible  Matter  in  ga& 
which  had  been  deprived  only  of  sulphuretted  hydrc)gen  and  car- 
bonic acid,  a  mixture  of  the  gas  with  a  due  proportion  of  oxygea 
fas  was  tired  by  the  electric  spark  over  mercury.  This  method, 
preferred  to  slow  combustion,  carried  on  with  the  apparatus- 
which  I  have  described  in  the  Philosophical  Transactions  for 
1808,  solely  because,  when  a  great  number  of  experiments  are 
necessary,  as  in  this  inquiry,  the  method  of  detonation  ia 
attended  with  a  great  saving  of  time.  But  on  all  occasions- 
where  only  few  experiments  are  required  on  gases  of  great  com- 
bustibility, I  prefer  slow  combustion,  both  on  account  of  greater 
safety  to  the  apparatus,  and,  from  the  quantities  that  may  l^ 
consumed,  of  greater  accuracy  also.  When  rapid  combustion  is 
practised,  I  believe  that,  on  the  whole,  more  accurate  results  are 
gained  by  firiiig  the  gas  at  one  operation  properly  conducted, 
than  at  two.  The  latter  method  seems  to  have  been  preferred  by 
M.  Berthdlet ;  but  so  far  as  my  experience  goes,  it  is  more  apt 
to  precipitate  charcoal  from  the  gas. 

To  burn  each  measure  of  the  early  and  more  combustible  pro- 
ducts of  gas,  I  employed  from  three  to  four  measures  or  upwards 
of  oxygen  gas,  the  degree  of  purity  of  which  had  been  ascer- 
tained. The  volume  being  noted  after  firing/,  and  again  after 
agitating  the  residue  with  liquid  potash,  the  last  diminution 
showed  the  quantity  of  carbonic  acid.  The  gas  left  by  potash 
was,  next  analyzed  by  combustion  with  a  due  proportion  of  puce. 
hydrogen,''^  wnich  showed  how  much  of  the  residue  was  oxygen,^, 
and  how  much  azotic  gas.  If  more  azote  was  found  than  had: 
been  introduced  as  an  impurity  of  the  oxygen  gas,  it  was  consi/- 
dered  as  having  formed  a  part  of  the  combustible  gas.  A  single' 
experiment  on  any  kind  of  gas  was  never  relied  upon  ;  and  to 
ensure  accurate  results,  the  same  gas  was  fired  with  different 
proportions  of  oxygen.  Deducting  the  pure  oxygen  found  in  the 
residue,  from  its  quantity  at  the  outset,  the  volume  of  oxygen 
gas  was  learned,  which  had  been  spent  in  saturating  a  given 
measure  of  combustible  gas. 

3If.  Brande's  Manual  of  Chemistry  (p.  156  n.),  from  which  it  appears  that  the 
speedy  action  of  cbloriae  on  carburetted  bydrogfn  bad  beeo  observed  by  Mr» 
Faraday. 

•  The  method  of  doing  (his  is  given  io  my  Elemeod  of  Chemistry,  vol.  i.  ebap.  t» 
sect.  vi. 
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'n  gases  free  from  all  admixture  with  carbonic  oxide,  it  is 
easy  to  know  how  much  of  the  oxygen  consumed  has  been  spent 
in  saturating  the  charcoal ;  for  as  oxygen  gas  by  conversion  into 
carbonic  acid  suffers  no  change  of  volumej  the  quantity  which 
has  combined  with  the  charcoal  ia  exactly  represented  by  the 
volume  of  carbonic  acid  produced  by  the  combustion.  For 
example,  as  100  measures  of  olefiant  gas  afford  by  detonation 
"200  of  carbonic  acid,  200  measures  of  oxygen  must  have  united 
with  the  charcoal  of  the  olefiant  gas.  But  beside  these  200 
measures,  an  additional  100  measures  of  oxygen  are  found  to  be 
consumed,  and  these  must  have  combined  with  hydrogen,  the 
other  ingredient  of  the  gas,  the  volume  of  which  in  its  full  state 
of  expansion  would  be  200  measures,  as  determined  by  the  fact, 
t^ftt  oxygen  gas  uniformly  takes  for  saturation  double  its  volume 
fdrogen  gas,  and  no  other  proportion. 
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'Nature  of  the  Gas  from  Coaf. 
le  opinion  which  I  formei-ly  advanced  on  this  Bubject,-f" 
though  opposed  by  writers  of  so  much  authority  as  M,  BerthoUet 
and  Dr.  Murray,  still  appears  to  nie  to  be  much  more  probable, 
than  that  the  varieties  of  gas  from  inflammable  substances, 
fthich  may  be  almost  infinitely  diversified  by  modifications  of 
temperature,  are,  as  those  philosophers  suppose,  so  many  dis- 
tinct compounds  of  hydrogen  and  cTiarcoal,  or  of  hydrogen  and 
charcoal  in  combination  with  oxygen.  The  reasons  that  induce 
me  to  abide  by  my  original  view  of  the  subject  are  the  following: 

1.  We  are  acquainted  with  two  distinct  and  well  characterized  . 
compounds  of  hydrogen  and  charcoal,  in  one  of  which  a  given 
■weight  of  charcoal  is  united  with  a  certain  quantity  of  hydrogen, 
and  in  the  other  with  double  that  quantity.  Besides  these  two, 
no  other  compound  of  those  two  elements  has  been  hitherto 
proved  to  exist. 

2.  It  is  inconsistent  with  experience  that  two  bodies  which,  ' 
lite  hydrogen  and  charcoal,  unite  by  an  energetic  affinity,  should 
combine  in  all  possible  proportions.     On  the  contrary,  it  is  to  b 
expected  from  analogy  in  general,  and  from  that  of  the  con 
pounds  of  charcoal  and  oxygen  in  particular,  that  hydrogen  an 
charcoal  unite  in  few  proportions  only,  and  in  such  a  manner  I 
•that  these  proportions  are  multiples  or  divisors  of  each  other  by  | 
some  entire  number.  i 

3.  All  the    phenomena  may  be  satisfactorily  explained  by   ' 
supposing  the  gaa  from  coal,  and  from  other  inflammable  sub- 
stances, to  be  mixtures  of  this  kind.     For  example,  referring  to 
the  one  hour's  gas  in  the  first  table,  we  shall  find  that  it  contains,' 
in  100  measures,  18  of  olefiant  gas,  which  require  for  comb us- 

54  measures  of  oxygen,  and  afford  3(j  of  carbonic  acid,   Tlie 
gas  contains  also  77-i-  measures  of  another  inflammable  gas, 

•  NiiAolMD'f  JohtmI,  8to.  xi.  63. 
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in  the  combustion  of  which  210  —  54  =  156  measures  of  oxygen 
have  been  spent,  and  which  have  afforded  112  —  36  =  76  mea- 
sures of  carbonic  acid.  This  is  as  near  an  approach  as  can  be 
expected  to  the  properties  of  carburetted  hydrogen,  the  77^ 
measures  having  consumed  very  nearly  twice  their  bulk  of 
oxygen,  and  given  an  equal  volume  of  carbonic  acid.  We  may, 
therefore,  consider  the  early  products  of  the  gas  from  cannel  as  a 
mixture  of  about  one  volume  of  defiant  gas  and  four  volumes  of 
carburetted  hydrogen.* 

The  early  product  of  gas  from  Clifton  coal  does  not  admit  of 
being  thus  tneoretically  resolved  into  a  mixture  of  olefiant  and 
carburetted  hydrogen  gases  only.  For  after  deducting  from  the 
oxygen  consumed  (164  measures)  that  spent  in  saturating  the 
olefiant  gas  (10  x  3  =  30)  we  have  only  134  measures  of  o^g^n 
left  for  the  combustion  of  90  measures  of  inflammable  gas.  These 
90  measures,  it  appears,  afford  91  —  20  =  71  measures  of  car- 
bonic acid.  This  portion  of  the  gas  does  not,  therefore,  answer 
to  the  characters  of  carburetted  hydrogen,  since  it  neither  gives 
an  equal  volume  of  carbonic  acid,  nor  consumes  a  double  volume 
of  oxygen.  In  this  case  and  a  variety  of  similar  ones,  .we  can 
only  at  present  explain  the  phenomena,  by  comparing  them  witji 
hypothetical  mixtures  of  the  difterent  known  gases.  As.  an 
example,  I  shall  describe  the  particulars  of  the  combustion  of  tne 
first  ptoduct  of  Chfton  coal,  and  endeavour  to  explain  the  results- 
in  the  manner  which  has  been  suggested. 

Measures  of  the  gas 11 

i  Mixed  with  oxygen 39  =  37  pure  oxygen  -f  2  azote^ 

Total 50 

Volume  after  firing. 31 

Ditto  after  washing  by  potash  21  =  19  oxygen  +  2  azote. 

N, 

18  oxygen  consumed. 

In  this  case,  the  diminution  by  firing  is  19  measures  ;  that  by 
potash,  which  denotes  the  carbonic  acid,  10  measures  ;  and  the 
gases  consumed  are  11  -f-  18  =  29.  Let  us  examine  what  mix- 
ture of  gases  will  account  for  the  appearances. 

M.ofinfl.  gas.  Take  oxygen.         Give  carb. acid.        Dimin.  by  $rifig, 

M  olefiant 3-3    2-2   2-2 

7-0  carb.  hydr . .  14-0   7-0   14-0 

1-0  carb.  oxide.  .  0*5   0*5   1*0 

2-0  hydrogen.  ..  1-0   —    3-0 

iTl  iTs  9^  20^ 

*  I  om  perfectly  aiTQre  of  the  importance  of  taking  lite  specific  gravity  «f 
mixed  gases,  as  one  datoin  for  determining  their  proportion  in  nny'mixture;  but  I 
wad  prevented  from  ascertaining  it  in  these  e-xpcrimeots  b>  tlie  state  of  the  neces- 
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The  sums  of  the  numbers  thus  theoretically  obtained  do  not,  it 
is  true,  exactly  correspond  with  the  e;?fperimental  ones  ;  but  they 
approach  as  nearly  as,  from  the  nature  of  the  subject,  can  be 
expected,  the  greatest  disagreement  (that  in  the  diminution  by 
firing)  not  much  exceeding  ^t-th  of  the  observed  amount. 
.  In  a  similar  manner  we  may  explain  the  composition  of  the 
lighter  and  less  combustible  products  obtained  at  advanced 
periods  of  the  distillation.     For  example,  a  portion  of  the  last 

{product  of  gas  from  cannel,  distilled  in  a  glass  retort,  gave  the 
bliowijig  results : 

Measures  of  gas 20 

Mixed  ivith  oxygen 30  =  28  pure  oxygen  +  2  azote 

Total 50 

Fired 22 

Washed  with  potash 18  =  14*7  oxygen  ^-  3*3  azote 

13*3  oxygen  spent. 

In  this  experiment,  1*3  more  azote  were  found  in  the  residuum 
than  can  be  traced  to  the  oxygen  employed.  The  combustible 
.gas  was,  therefore,  only  18^  measures ;  the  carbonic  acid  pro- 
duced 4  ;  the  oxygen  spent  13"3 ;  and  the  diminution  by  firing, 
28.     The  following  supposed  mixture  will  explain  these  facts  : 

M easnres  of  Take  oxygen.    Give  carb.  acid.     Dim.  by  firinf:. 

2  carb.  hydr 4     2    4 

2  carb-  oxide    2     2    2 

15  hydrogen     7±   — 224- 

19  134-  4  284^ 

In  this  instance,  the  hypothetical  constitution  coincides  even 
more  nearly  with  the  facts  than  in  the  former  case.  It  must, 
indeed,  be  acknowledged  that  the  explanation  rests  on  hypothesis 
only ;  but  it  is  on  an  hypothesis  which  is  perfectly  consistent 
with  a  copious  and  increasing  induction  of  facts,  all  tending  to 
establish  a  Umitation  to  the  proportions  in  which  bodies  combine ; 
while  the  opposite  explanation  is  at  variance  with  this  general 
law  of  chemical  union. 

sarj  apparatus,  wbicb  wns  fuond,  from  lang  disuse,  to  have  becar.e  unfit  for  ti^e 
■purpose.  So  far  as  respects  tbe  practical  objects  of  tliis  paper,  (he  omi^si^n  is  of 
DO  consequence. 
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Article  VII» 

Analyses  of  Books. 

Philosophical   Transactions  of  the   Royal  Society  of  London, 

for  1819,  Part  L 

This  part  contains  th^  following  papers  : 

I.  The  Croonian  Lecture, — On  the  Conversion  of  Pus  into 
Granulatioiiiy  or  new  Flesh,  By  Sir  Everard  Home,  Bart. 
V.P.R,S. 

In  the  last  volume  of  the  Transactions,  Sir  Everard  Home 
endeavoured  to  explain  how  coagulated  blood  became  vascular. 
Carbonic  acid  gas,  he  informed  us,  is  extricated  at  the  moment 
of  coagulation.  This  gas  gradually  lengthens  into  a  tube,  which 
is  immediately  covered  by  a  coat,  and  thus  converted  into  a 
blood-vessel.  He  is  of  opinion  that  the  same  process  goes  on 
during  the  conversion  of  pus  into  granulations,  or  new  flesh. 
Pus,  he  tells  us,  is  analogous  to  the  serum  of  blood.  At  first,  it 
contains  no  globules,  but  they  gradually  make  their  apipearance 
in  it  whether  it  remains  on  the  surface  of  the  sore,  or  be  removed 
upon  some  other  surface.  Mr.  Bauer  has  observed  that  the 
same  formation  of  globules  takes  place  in  the  serum  of  blood ; 
thus  showing  the  analogy  between  serum  and  pus.  The  paper 
is  taken  up  in  describing  the  appearances  which  are  perceived 
upon  the  surface  of  a  healing  sore,  when  left  for  about  a  quarter 
of  an  hour  exposed  to  the  atmosphere.  The  coating  of  pus 
coagulates,  globules  of  carbonic  acid  gas  make  their  appearance 
in  it.  These  are  speedily  converted  into  numerous  anastomosing 
vessels  filled  with  red  blood. 

II.  On  the  Laws  v)hich  regulate  the  Abso7^)tion  of  Polarized 
Light  by  Doubly  Refracting  Crystals,  By  David  Brewster, 
LL.D.  F.R.S.  Lond.  and  Edin. 

If  to  one  side  of  a  rhomboid  of  colourless  calcareous  spar  we 
fasten  a  circular  aperture  of  such  magnitude  that  the  two  images 
of  it  appear  distinctly  separated  when  viewed  through  the  spar,, 
we  shall  find  that  when  the  spar  is  exposed  to  common  .light, 
the  two  images  are  equally  colourless,  and  of  the  same  intensity 
in  all  positions;  so  that  the  ordinary  image  contains  half  the 
quantity  of  transmitted  light,  and  the  extraordinary  image  like- 
wise half  the  quantity  of  transmitted  light.  When  the  rhomboid 
is  exposed  to  polarized  light,  the  intensities  of  the  two  pencils 
are  together  equal  in  every  position  to  the  whole  transmitted 
light.  Hence  the  rays  which  leave  one  of  the  images  by  a  change 
of  azimuth  pass  over  into  the  other  image. 

When  the  same  experiment  is  tried  with  certain  specimens  of 
yellow  calcareous  spar,  the  results  are  different.  The  two  images 
differ  both  in  colour  and  intensity;   the  extraordinary   image 
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having  an  orauge-yellow  hue,  while  the  colour  of  the  ordinary 
image  is  yellowish- white.  This  difference  of  colour  is  related  to 
the  axis  of  the  crystal,  and  increases  with  the  inclination  of  tbe 
refracted  ray  to  tlie  short  diagonal  of  the  rhomb.  It  is  a  maxi- 
mum in  the  equator,  while  along  the  axis  the  two  images  have 
exactly  the  same  colour  and  intensity.  The  author  shows  that 
there  is  an  interchange  of  rays.  The  extraordinary  force  carries 
off  several  of  die  yellow  rays  froDi  the  ordinaiy  image  ;  while,  at 
the  same  time,  the  ordinary  force  takes  to  itself  some  of  the  white 
rays  from  the  extraordinary  image. 

When  the  rhomboid  is  exjioaed  to  polarized  light  in  the  posi- 
tion in  which  the  ordinary  image  vanishes,  the  extraordmary 
image  is  orange-yellow,  and  in  the  position  in  which  the  extraor- 
dinary image  vanishes,  the  ordinary  image  is  a  ^c//owisA-wjAiVe.  It 
follows  from  this,  that  a  portion  of  the  ordinaiy  pencil  was 
absorbed  in  the  first  position,  and  a  portion  of  the  extraordinary 
pencilinthe  second  position. 

The  author  examined  coloured  crystals  of  zircon,  sapphyr, 
ruby,  emerald,  beryl,  rock  crystal,  amethyst,  tourmaline,  rubel- 
lite,  idocrase,  melhte,  phosphate  of  lime,  phosphate  of  lead,  and 
observed  similar  appearances.  Now  these  are  a  great  proportion 
of  all  the  coloured  crystals  with  one  axis  of  douole  refraction  at 
present  known  to  exist. 

The  general  phenomena  of  absorption  in  crystals  with  two 
axes  are  nearly  the  same  as  those  with  one  ;  but  the  quantity  of 
light  which  the  ordinary  and  extraordinary  forces  interchange  is 
regulated  by  new  laws  depending  on  the  situation  of  the  incident 
ray  with  respect  to  the  two  axes  of  double  refraction.  The 
author  explains  these  laws,  and  gives  a  table  of  the  different 
colours  resulting  from  these  absorptions  in  a  variety  of  coloured 
crystals  with  two  axes. 

The  author  concludes  from  his  observations  that  the  colouring 
particles  of  crystals,  instead  of  being  indiscriminately  dispersed 
throughout  their  mass,  have  an  arrangement  related  to  the  ordi- 
nary and  extraordinary  forces  which  they  exert  upon  light.  In 
some  specimeus,  the  extraordinary  medium  is  tinged  with  the 
same  colouring  particles,  and  with  the  same  number  of  them  as 
the  ordinary  medium ;  but  in  other  specimens  of  the  same 
mineral,  the  extraordinary  medium  is  either  tinged  with  a  different 
number  of  particles  of  the  same  colour,  or  with  a  colouring 
matter  entirely  different  from  that  of  the  ordinary  medium.  In 
certain  specimens  of  topaz,  the  colouring  matter  of  the  one 
medium  is  more  easily  discharged  than  that  of  the  other.  Hence 
the  reason  why  such  topazes  become  pink  when  exposed  to  a 
red  heat. 

III.  Observations  on  the  Decomposition  of  Starch  at  the  Tern- 
peralare  of  the  Atmosphere  bif  the  Action  of  Air  and  Water.  By 
Theodore  de  Saussure,  Professor  of  Mineralogy  in  the  Academy 
of  Geneva,  Correspondent  of  the  Royal  Institute  of  Francei&c- 
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The  author  of  this  memoir  is  of  opinion  that  an  examination  t>f 
the  action  of  vegetable  substances  on  each  other  and  of  the 
effects  produced  upon  them  by  the  action  of  air  and  water,  b 
the  best  method  of  investigating  various  effects  of  vegetation ;  or 
Ht  least  if  it  does  not  answer  that  purpose,  it  will  lead  to  important 
experiments  respecting  the  theory  of  fermentation.  Starch  had 
scarcely  been  examined  under  this  point  of  view,  or  only  indi- 
rectly, and  in  a  way  quite  insuflficient  to  enable  us  to  deduce  the 
requisite  consequences.  It  had  been  observed  that  the  seeds  of 
corn  formed  sugar  during  germination;  and  that  this  does  not 
happen  unless  they  be  impregnated  with  water,  and  air  have 
access  to  them.  Hence  it  was  concluded  that  the  oxygen  gas 
which  disappeared,  producing  carbonic  acid  gas,  was  the  princi- 
pal agent  in  the  conversion  of  the  starch  into  sugar.  Vogel  had 
exposed  a  mixture  of  starch  and  sugar  to  the  action  of  a  boiling 
heat  for  four  days.  The  mixture  became  very  fluid.  It  was 
filtered.  The  filtered  liquid  being  evaporated  left  a  bitter  maci- 
lage,  which  had  not  the  least  of  a  saccharine  taste.  A  homy 
looking  matter  remained  on  the  filter.  Kirchoff  has  discovered 
•that  if  one  part  of  dry  pulverized  gluten  be  mixed  with  two  parts 
of  starch  made  into  a  paste  with  water,  and  the  mixture  be 
digested  for  10  or  12  hours  at  the  temperature  from  122°  to  167°, 
the  starch  is  partly  converted  into  sugar.  Hence  he  has  con- 
cluded that  the  conversion  of  starch  into  sugar  takes  place  during 
germination. 

Such  was  the  state  of  our  knowledge  before  the  experiments 
which  Saussure  relates  in  the  present  paper.  He  mixed  together 
20  grammes  of  the  best  wheat  starch,  and  12  times 'the  weight 
of  water,  so  as  to  form  a  thin  paste.  This  was  put  into  a  large 
flat  cylinder  forming  a  layer  to  the  depth  of  two  centimetres 
(0*8  inch  nearly).  It  was  covered  by  a  large  receiver,  below 
which  the  atmospherical  air  had  easy  access,  and  left  atrest  for 
two  years  in  a  place  in  which  the  temperature  rose  as  high  occa- 
sionally as  72j.°.  At  the  end  of  this  period,  it  was  a  grey- 
coloured  liquid  paste,  covered  with  mucors,  and  almost  without 
smell.  It  produced  no  change  on  vegetable  blues,  and  could  no 
longer  be  employed  to  paste  substances  together.  After  being 
dried  in  the  temperature  of  the  atmosphere,  its  weight  was  con- 
siderably diminished.  If  we  suppose  its  original  weight  to  have 
•been  100,  it  was  reduced  to  76*2  dried  at  the  temperature  of  the 
.atmosphere,  or  to  80*46,  supposing  both  dried  at  the  tempera- 
ture of  boiling  water.  This  residual  matter  was  carefully 
iinalyzed,  and  found  to  consist  of  the  following  substances  : 

Sugar, 

Gum, 

Amidin, 

Starchy  lignin, 

Lignin  mixed  with  charcoal, 

Starch  undecomposed. 
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Tlie  sugar  possessed  the  characters  of  the  BUgar  made  fcom 
starch  by  means  of  sulphuric  acid. 

The  gum  possessed  the  following  properties  :  It  was  transpa- 
rent, and  almost  colourless,  when  formetl  without  the  contact  of 
air ;  but  when  the  starch  became  covered  with  muoors,  the  eum 
was  yellow,  and  rather  too  soft  to  be  reduced  to  powder.  One 
hundred  parts  of  this  gum  at  66",  when  exposed  to  the  heat  <jf 
212°,  lost  1I'75  of  their  weight.  It  does  not  absorb  moisture 
irom  the  air,  nor  is  it  altered  by  exposure  to  the  atmosphere ;  but 
its  aqueous  solution  becomes  gradually  putrid,  depositing  a  thick 
mucous  matter.  It  is  insoluble  in  alcohol,  but  soluble  in  water 
in  every  proportion.  Two  parts  of  water  and  one  of  the  gum 
form  a  very  fluid  solution,  but  it  becomes  viscid  and  thready 
whea  the  weight  of  the  gum  exceeds  that  of  the  water.  A 
solation  of  one  part  of  the  gum  in  ten  parts  of  water  is  neither 
precipitated  by  acetate  of  lead,  nor  snbacetate  of  lead,  nor  the 
decoction  of  nutgalls,  nor  silicate  of  potash.  It  does  not  alter 
the  colour  of  the  infusion  of  htmu»i.  It  does  not  alter  the  colour 
of  aqueous  solution  of  iodine.  It  is  shglitly  precipitated  by 
barytes  water.  It  does  not  form  niucic  acid  when  treated  with 
nitric  acid.  It  possesses  most  of  the  characters  of  the  gum  into 
which  starch  is  converted  by  roasting, 

Saussure  has  applied  the  term  ainidiii  to  a  substance  which  he 
considers  as  intermediate  between  gum  and  starch.  Tlie  word 
is  formed  from  the  French  term  amidan  (starch).  As  it  is  con- 
trary to  rule  to  peiTnit  the  nomenclature  of  chemistry  to  be 
obscured  by  words  borrowed  from  living  languages,  it  is  obvious 
that  if  a  new  term  be  requisite  for  this  substance,  we  must  call 
it  amj/liii  (from  the  Latin  word  amt/lum),  used  by  the  modems 
for  iiarch.  It  is  obtained  from  the  residue  left  by  the  sponta- 
neous decomposition  of  starch  aHer  it  has  been  treated  with  a 
sufficient  quantity  of  cold  water  to  dissolve  every  thing  soluble 
in  that  liquid.  Boihng  water  dissolves  the  amylin,  aud  it  may 
be  obtained  by  evaporating  the  solution  to  dryness.  It  is 
obtained  either  in  irregular,  opaque  fragineats,  or  of  a  yellow- 
pale  semitransparent  brittle  substance,  according  to  the  mode  of 
conducting  the  evaporation,  it  is  insoluble  in  alcohol.  Cold 
water  dissolves  about  one-tenth  of  its  weight  of  it,  and  forma  a 
colourless  and  very  fluid  liquid.  Water  of  the  temperature  of 
144°  dissolves  it  in  any  proportion,  and  retains  in  solution,  after 
cooling,  a  much  greater  proportion  than  can  be  dissolved  in  cold 
water.  The  decoction  may  be  concentrated  till  it  contains  one- 
fourth  of  its  weight  of  amylin  in  solution  without  becoming 
muddy  or  gelatinizing  on  coohng,  which  is  not  the  case  with 
starch.  When  the  liquid  is  more  concentrated,  the  amylin  pre- 
cipitates in  part  on  coohn"  in  the  state  of  a  white  opaque  matter; 
hut  it  is  redissolved  on  heating  tbe  water  to  144  .  In  this 
respect  it  approaches  inulin.  The  solutJou  of  amylin  containing 
one-tenth  or  its  weight  of  this  substance,  assumes  a  blue  colour^ 
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when  mixed  with  the  aqueous  solution  of  iodine^  and  presents^ 
with  this  re-agenlall  the  eflFects  of  starch.  It  is  coagulated  into 
a  white  paste  by  the  subacetate  of  lead ;  but  not  by  the  neutral 
acetate.  It  is  copiously  precipitated  by  barytes  water,  but  not 
by  lime  water,  nor  decoction  of  nutgalls.  It  dissolves  in  the 
aqueous  solution  of  potash.  This  liquid  is  very  fluid,  and  wants 
the  viscidity  of  the  solution  of  starch  in  potash.  The  weak  acids 

i)recipitate  the  amylin  from  it  with  all  its  properties.  Alcohol 
ikewise  throws  down  a  copious  precipitate,  which,  however, 
retains  a  portion  of  the  alkali,  and  does  not  strike  a  blue  wdth 
iodine  till  an  acid  is  added  to  it. 

The  starchy  Ugnin  was  obtained  from  the  residue  of  the  spon^ 
taneous  decomposition  of  starch,  after  that  residue  had  been 
deprived  of  every  thing  soluble  in  cold  water,  hot  water,  alcohol^ 
and  very  dilute  sulphuric  acid,  by  digesting  it  in  10  times  its 
weight  of  an  alkaline  ley  containing  one-twelfth  of  its  weight  of 
potash.  A  brown  liquid  solution  is  obtained,  from  which  dilute 
sulphuric  acid  precipitates  the  starchy  lignin  under  the  form  of  a 
brown,  light  combustible  substance,  having  the  lustre  ofjet.  It 
gives  a  blue  colour  to  the  aqueous  solution  of  iodine.  This  last 
property,  together  with  its  solubility  in  a  weaker  alkaUne  ley, 
distinguishes  starchy  lignin  from  common  lignin. 

During  the  spontaneous  decomposition  of  starch,  the  bulk 
t)f  the  air  undergoes  no  change ;  but  a  small  portion  of  its 
oxygen  is  slowly  converted  into  carbonic  acid  gas.  Fifteen 
grammes  (23 1|-  gr.  troy)  of  starch  mixed  with  12  times  its  weight 
of  water  produced  in  two  months,  in  the  temperature  of  724-°, 
only  50  cubic  centimetres  (19*68  cubic  inches)  of  carbonic  acid 
gas.  Thus  the  action  of  the  oxygen  of  the  air  is  confined  to  the 
abstraction  of  carbon.  The  loss  of  weight  which  the  starch 
sustains  is  much  greater  than  can  be  accounted  for  by  the  carbon 
abstracted  by  the  oxygen  of  the  air.  Hence  the  starch  must  lose 
a  considerable  portion  of  its  weight  by  giving  out  oxygen  and 
hydrogen  under  the  form  of  water. 

To  ascertain  the  difference  in  the  result  when  the  starch  was 
allowed  to  decompose  in  the  air  and  in  a  vacuum,  the  experiment 
was  repeated  both  ways  for  38  days  in  a  temperature  of  about 
72-^-°.  The  following  table  exhibits  the  results  of  these  two 
experiments  : 

One  hundred  parts  of  starch  decomposed  without  the  contact 
of  air,  yielded 

Sugar 47-4 

Gum 23-0 

Alylin 8-9 

Starchy  lignin 10'3 

Lignin  mixed  with  charcoal Trace 

Starch  not  decomposed  .  • , 4*0 

93^' 


r 
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One  hundred  parts  of  starch  decomposed  jii  contact  of  air 
yielded 

Sugar 49-7 

Gum 9-7 

hAmylin 5*2 
Starchy  lignin 9-2 
Ligniu  mixed  with  charcoal 0'3 
i  *"'"'"'•■•* " 
Thf 


77-9 


These  experiments  being  repeated  with  potatoe  starch,  and  " 
continued  only  for  42  hours,  yielded  the  following  products : 

Starch 35-4   304 

Gum 17-5   17-2 

Amylin 18-7    17-0 

Starchy  lignin 7'0   4-4 

Lignin  with  carbon Trace 0'2 

Starch  unde composed 9-4    9-3 

88-0   78-5 

Loss  during  analysis (J^O 

94-0 

When  the  starch  was  decomposed  in  vacuo,  it  rather  gained*-'. 
than  lost  weight.  The  apparent  loss  was  owing  to  the  starch-, 
not  having  been  dried  before  the  experiment  at  a  temperature  so- 
high  as  212°.  No  water  was  formed,  and  the  carljonic  acid' . 
evolved  was  mixed  with  a  portion  of  hydrogen  gas,  pure,  or  at  , 
least  containing  only  a  veiy  small  portion  oi  carbon. 

IV.  On  Corpora  Lutea.    By  Sir  Everard  Home,  Bart. 
According  to  tlie  author  of  tiiis  paper,  the  corpora  lutea  make 

their  appearance  at  the  age  of  puberty.  They  are  composed  of 
convolutions  similar  to  the  brain  ;  their  use  is  to  form  the  ova. 
These,  when  formed,  are  expelled  by  the  corpora  lutea,  whether 
impregnation  has  taken  place  or  not.  Sometimes  the  ovum 
remains  in  the  corpus  luteum  without  being  expelled.  In  such 
cases  (^supposing  impregnation)  a  fcetus  wdl  be  formed  ia  the 
ovaiium. 

V.  Remarks  on  the  Probabtiities  of  Error  in  physical  Observa- 
tions, and  on  the  Densili/  of  the  Earth,  considered  especialli/  with 
Regard  ta  the  Reduction  of  Experiments  on  the  Pendulum.  By 
Thomas  Yoimg,  M.D.  For.  Sec.  R.S. 

This  papeEu;onsist£  of  four  parts.  The  first  part,  which  is  by 
far  the  longest  and  most  elaborate,  is  employed  in  the  apphca- 
lioo  of  the  science  of  probabilities  to  estimate  the  advantage  of 
iQultipIied  observations.     After  some  judicious  observations  on 
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the  application  of  the  doctrine  of  probabilities  to  moral  and  poli- 
tical observations,  he  enters  upon  its  application  to  experimental- 
observations,  and  sho'ws'that  when  vr e  nave  ascertained  the  mean 
error,  that  will  amount  nearly  to  our  deviation  from  accuracy. 
But  he  observes)  that  in  experiments  so  many  things  are  of 
necessity  left  out  of  view  that  the  apphcation  of  the  doctrine  of 
probabilities  to  them  is  not  likely  to  lead  to  any  advantageous 
result. 

The  second  section  is  on  the  mean  density  of  the  earth.  He 
shows,  as  had  been  already  done  by  Laplace,  that  the  pressure 
of  the  strata  composing  the  earth  is  fully  sufficient  to  account 
for  the  greater  density  of  the  central  parts  above  the  superficial^  ^ 
without  supposing  the  materials  in  the  centre  to  be  difierentTrom 
those  at  the  surface. 

The  third  section  is  an  investigation  of  the  effiscts  of  the  irre- 
gularities at  the  earth's  surface  upon  the  plumb  line,  and  on 
gravitation.  In  the  fourth  section,  he  shows  that  Laplace's 
theorem  for  the  length  of  the  convertible  pendtilum  roUihg  on 
equal  cylinders^,  may  be  deduced  from  an  elegant  inviestigation 
of  Euler  in  the  Nova  Acta  Petropohtana  for  1*788,  p.  146. 

VI.  On  the  Anomaly  in  the  Variation  of  the  Magnetic  Needle 
as  observed  on  Ship-board,     By  William  Scoresby,  Jun;  Esq. 

Mr.  Scoresby  gives  a  table  of  magnetical  observations  which 
he  made  on  board  the  Esk,  in  his  voyage  to  the  Greenland 
whale  fishery  in  1817.  From  these  observations,  and  from  the 
lucid  remcurk»  of  Capt.  Flinders,  he  deduces  a  number  of  infer- 
ences, some  of  the  most  important  of  which  are  the  following : 

1.  Such  parts  of  the  iron  employed  in  the  construction  of 
ships  as  have  a  perpendicular  position  are  magnets,  the  upper 
ends  being  south,  the  lower  north  poles  in  our  hemisphere,  and 
the  contrary  in  the  southern  hemisphere. 

2.  The  combined  influence  of  all  this  iron  seems  to  be  concen- 
trated into  a  kind  of  magnetic  focus  of  attraction,  the  princimd 
south  pole  of  which  he  conceives  to  be  situated  near  the  middle 
upper  deck,  but  nearer  the  stem  than  the  stem. 

3.  This  focus  of  attraction  so  influences  the  compass  needle' 
that  it  issubgect  to  an  anomcdy  or  variation  from  thi  true  rneri^ 
dktto,  different  from  what  is  observed  by  a  compass  on  shore; 
the  north  point  of  the  compass  being  constantly  drawn  towardt 
the  focus  in  our  hemisphere,  and  the  south  point  in  the  opposite^ 
hemisphere. 

Mr.  Scoresby,  sen.  observed  20  years  ago,  that  a  ship  beating^ 
to  the  northward  with  a  north  wind  appeared  to  lie  nearer  the 
vnnd  than  when  beating  to  the  southward  with  a  southerly  wind. 
Hiis  he  ascribed  t6  the  attraction  of  the  ship  upon  the  compass. 
On  this  account,  the  author  has  been  in  the  habit  of  aHowing  onli^ 
2  or  24-  points'  variation  on  the  passage  outvmrd  to  Greenlana 
with  a  northerly  or  nortb-^easterly  course,  but  generally  three 
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poiuts  of  variation  on  tlie  homeward  passage,  Trhen  the  course 
steered  was  S.W.  or  S.W.  by  W.  Without  this  difference  of 
ailowance,  a  Greenland  ship  outward  bound  will  be  generally 
laaad  to  be  to  the  eastward  ol'  her  reclconing,  and  homeward 
bound  will  be  even  four  or  five  degrees  to  the  eastward  of  it. 

4.  This  anomaly  in  the  variation  of  the  compass  is  Habfe  tw 
change  with  every  alteration  in  the  dip  of  the  needle,  in  the  posi 
tion  of  the  compass,  or  in  the  direction  of  the  ship's  head. 

It  would  appear  from  Mr.  Scoresby's  trials,  that  the  magnetic 
iutenmty  is  greater  in  England  than  in  Greenland ;  at  least  the 
vibrations  of  the  dipping  needle  were  quicker  in  England  than  in 
Qreenland.  An  oscillation  performed  in  England  in  five  seconds 
took  up  in  Greenland  a  x  seconds. 

5.  The  anomaly  of  variation  bears  a  certain  proportion  to  the 
dip  of  the  needle,  being  greater  where  the  dip  in  greatest, 
deoreasiD^  as  the  dip  decreases,  and  disappearing  altogether  on- 
the  magnetic  equator. 

6.  A  compass  placed  near  the  stern  amid  ships  of  the  quarter 
deck  is  subject  to  the  greatest  anomaly  when  the  ship's  course  is 
iibouC  west  or  east,  because  the  fucus  of  attraction  then  operates 
at  right  angles  to  the  position  of  the  compass  needle  ;  but  the 
anomaly  disappears  when  the  course  is  about  nortJi  or  south,, 
because  the  focu.s  of  attraction  is  then  in  a  line  with,  or  parallel 
to,  the  compass  needle,  aud  consequently  has  no  poWer  to 
deflect  it  from  its  direct  position. 

7.  ITie  greatest  anomaly  with  the  compass  in  the  position  last  ' 
descEtbed  being  ascertained  by  observation,  the  error  on  every 
other  point  of  the  compass  may  be  easily  calculated;  theauoma- 
li«»  produced  by  the  attraction  of  the  iron  in  the  ship  being  found 
to  be  proportionate  to  the  sines  of  the  angles  between  the  ship's 
head  and  the  magnetic  meridian. 

S,  A  compass  placed  on  either  side  of  the  ship's  deck  directly 
opposite  to,  or  abreast  of,  the  focus  of  attraction;  gives  a  correct'  * 
indication  on  an  east  or  west  course  ;  but  is  subject  to  the 
greatest  anomaly  when  the  ship's  head  is  north  or  south. 

9,  A  compass  placed  within  six  or  eight  feet  of  a  capstem 
spmdle,  Ol"  other  large  mass  of  wroitght  iron,  foregoes,  in  a  great 
lUMiBure,  the  influence  of  the  focus  of  attraction,  and  submits  to 
ihMof  the  nearer  body  of  iron. 

10.  When  the  iron  in  a  ship  is  pretty  equally  distributed 
throwghout  both  sides,  so  that  the  focus  of  attraction  occurs  in 
mivblhipei  a  compass  placed  in  the  midship  line  of  the  deck 
(diMva  leBgitndinally)  wilf  be  free  from  any  anomaly  from  one 
end  of  the  ship  to  the  other,  when  the  course  is  north  or  south  ; 
bi»k-(m  every  other  course,  anomaly  vwll  generally  appear  increas-- 
iag  as  the  an^e  oetween  th'e  ship's  head  and  tne  magnetic 
meridian  increases  until  the  error  is  at  a  maximum,  when  thtt 
cDNree  is  east  or  west. 
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n.  As  a  compass  placed  on  the  midship  line  of  the  deck  i& 
subject  to  no  anomaly  fore  and  aft,  in  certain  ships  on  a  north 
and  south  course  ;  and  as  a  compass  on  either  side  of  the  ship 
opposite  to  the  focus  of  attraction  shows  no  anomaly  on  a  west 
or  east  course,  the  intersection  of  the  line  joining  the  two  situa* 
tions  in  opposite  sides  of  the  ship  with  the  midship  line  traced 
fore  and  aft,  will  probably  point  out  a  situation  directly  over  the. 
top  of  the  focus  of  attraction,  when  no  anomaly  in  any  course 
whatever  will  appear. 

12.  The  anomaly  of  variation  is  probably  greater  in  men  of 
war  and  in  ships  which  contain  large  quantities  of  iron  ;  but  it 
exists  in  a  very  considerable  degree  also  in  merchantmen,  where 
iron  forms  no  part  of  the  cargo,  especially  in  high  latitudes  where 
the  dip  of  the  needle  is  great. 

VII.  On  the  Genus  OcytKoe ;  being  an  Extract  of  a  Letter 
from  Thomas  Say,  Esq,  of  Philadelphia,  to  William  Elford 

Leach,  M.D.F.K.S. 

This  paper  gives  a  description  of  a  fine  species  of  ocyfhbe 
found  in  the  stomach  of  a  dolphin,  which  the  author  considers  ^ 
new,  and  distinguishes  by  the  name  of  ocythoe  punctata.     He  i&  , 
of  opinion  that  the  ocythoe  is  a  parasitical  animal,  because  the  , 
shell  in  which  it  is  found  is  not  closely  adapted  to  its  body,  as  i» 
the  case  with  the  shells  of  all  known  shell  nsh. 

VIII.  On  Irregularities  observed  in  the  Direction  of  the  Com-^ 
pass  Needles  of  his  Majesty's  Ships  Isabella  and  Alexander,  in  . 
their  late  Voyage  of  Discovery,  and  caused  by  the  Attraction  of 
the  Iron  contauied  in  the  Ships.    By  Capt.  Edward  Sabine,  of 
the  Royal  Regiment  of  Artillery,  F.R.S.  &c. 

Mr.  Wales,  astronomer  to  Capt.  Cook  in  his  second  voyage^ 
was  the  first  person  whose  observations  led  to  the  inference  that 
the  anomalies  observed  on  ship-board  in  the  position  of  the 
compass,  were  not  owing  to  imperfections  in  the  azimuth  com- 
pass, as  had  been  supposed,  but  to  the  eflFect  of  the  iron  in  the 
ship  upon  the  needle.  This  subject  was  afterwards  investigated 
with  much  acuteness  and  industry  by  Capt.  Flinders  during  his 
survey  of  the  coast  of  New  Holland.  He  succeeded  in  being 
able  to  apply  a  correction  in  his  own  ship.  After  his  return,  he 
was  permitted  by  the  Lords  of  the  Admiralty  to  prosecute  the 
investigation  stiU  further  by  trying  the  irregularities  in  different 
ships  in  various  harbours.  Capt.  Flinders  published  a  short 
paper  on  the  subject  in  the  Philosophical  Transactions,  and  a 
more  detailed  statement  in  the  second  appendix  to  his  Voyage 
to  Terra  Australis.  There  are  three  pomts  in  his  statement 
chiefly  worthy  of  attention  from  their  practical  importance. 
Capt.  Sabine's  object  in  this  paper  is  to  point  out  how  far  Capt. 
Flinders's  observations  have  been  confinaed  by  those  made  in 
the  Isabella  aud  Alexander. 
First,  Capt.  Flinders  found  that  in  every  ship  a  compass 
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woaU  differ  very  materially  from  itself  on  being  removed  from 
one  part  of  a  ship  to  another.  Hence  he  was  led  to  confiue  his 
compass  to  one  particular  spot.  He  selected  the  binnacle  for 
conveniency.  It  was  exactly  midships.  This  ob.servaticn  of 
Capt.  Flinders  was  fully  corroborated  in  the  Isabella  and 
Alexander, 

Secondly,  Cant.  Flinders  found  that  in  his  compass,  perma- 
nently fixed  as  described,  no  error  took  place  when  the  ship's 
head  waa  on  the  magnetic  north  or  south  points  ;  showing  that 
■at  such  times  theattrdctionof  the  ship  and  of  magnetism  was  in 
the  same  line  of  direction.  The  maxiinum  of  error  also  took; 
place  when  the  ship's  head  was  at  right  angles  to  these  points ; 
Damely,  at  east  or  west ;  being,  however,  in  opposite  directions, 
in  excess  of  the  true  variation  on  the  one  side,  and  in  defect  on  the 
other ;  bo  that  the  extreme  difference  occasioned  by  altering  the 
course  from  east  to  west,  or  the  reverse,  would  be  twice  the  error 
at  «ither.  On  the  intermediate  points,  the  ratio  of  the  error  to 
its  maximum  waa  as  the  sine  of  the  angle  between  the  ship's 
head  and  the  magnetic  meridian  to  the  sine  of  eight  points,  or 
radius,  or  sufficiently  near  to  admit  of  corrections  being  calcu- 
lated for  every  course,  when  the  errors  on  a  single  one  were  known 
hy  observation. 

Though  Capt.  Flinders  was  induced  from  his  observations  to 
conclude  that  the  point  of  no  erroi-  was  when  the  ship's  head 
coincided  with  the  magnetic  meridian,  yet  this  did  not  hold 
either  in  the  Isabella  or  the  Alexander.  Indeed  in  the  Alexander 
it  was  nearly  at  right  angles  to  that  meridian.  The  point  of  no 
eiTor  did  not  coincide  in  the  two  ships.  The  reason  was,  that 
in  the  Isabella  the  compass  of  observation  was  raised  a  consider- 
able height  above  the  dsck,  while  in  the  Alexander  it  was  upon 
the  deck.  Capt.  Sabine,  in  consequence  of  this,  proposes  to 
dter  Capt.  Flinders's  rule  to  the  following  : 

"  The  error  produced  in  any  direction  of  the  ship's  head  wiU 
be  to  the  error  at  the  point  of  the  greatest  irregularity,  as  the 
Mne  of  the  angle  between  the  ship's  head  and  the  points  of  no 
error  to  the  sine  of  eight  points  or  radius." 

Thirdly,  Capt. Flinders's  experience  in  the  Investigator  showed 
that  the  maximum  of  error  in  Uie  same  compass  would  be  different 
in  diffei'ent  pails  of  the  world,  although  the  u«e  of  the  compass 
was  confined  to  one  particular  spot  in  the  ship,  and  every  pre- 
caution taken  to  avoid  an  iuterierence  with  the  distribution  of 
the  ship's  iron, 

Capt.  Fhnders  observed  that  the  error  increased  with  the  dip, 
and  he  conceived  that  the  amount  of  the  error  under  any  one  dip 
being  known,  the  amount  may  be  calculated  for  any  other  dip  by 
using  as  a  multiplier  t!ie  decimal  expression  of  the  proportitfn 
which  the  error  in  the  ofie  ascertained  instance  may  have  borne 
to  the  dip.     But  it  is  obvious  from  the  observations  made  in  the 
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Ifiabella  and  Alexander,  that  the  error  increases  m  a  much 
greater  ratio  than  this.  Capt.  Fhnders  conceived  that  this 
increase  of  the  error  with  the  dip  was  owing  to  the  increased 
magnetic  energy  of  the  iron  in  the  ship  as  we  approach  thenM^-^ 
netic  pole ;  but  Capt.  Sabine  suggests  that  the  cause  of  the 
increase  of  error  is  the  diminution  of  the  directive  power  in  coiw 
sequence  of  the  dip.  Now  it  is  pretty  evident  that  if  this  cause 
is  adequate  to  produce  the  effect;^  the  rate  of  error  might  be 
subjected  to  mathematical  calculation. 

IX.  Some  Observations  on  the  Formation  of  Mists  in  particular 
Situations.    By  Sir  H.  Davy,  Bart.  F.R.S.  V.P.R.I. 

When  water  above  the  temperature  of  40°  is  cooled,  it  sinks 
below  the  surface,  and  its  place  is  supplied  by  hotter  water  from 
below.  Hence  rivers  in  clear  nights  cannot  be  cooled  down  so 
much  by  radiation  as  the  land  on  each  side  of  them.  The 
consequence  will  be  that  the  temperature  of  the  river  during  the 
night  will  be  several  degrees  higher  than  that  of  the  contiguous 
land.  The  air  above  each  will  participate  in  this  inequality  of 
temperature.  Now  whenever  the  atmosphere  above  the  banks  of 
rivers  is  cooled  down  several  degrees  below  the  air  over  the 
river,  and  the  two  are  so  situated  as  to  mix  a  little  together,  a 
mist  will  be  formed  over  the  bed  of  the  river.  Such  is  me  expla- 
nation of  the  formation  of  mists  in  autumn  above  the  beds  of 
rivers  given  by  Sir  H.  Davy. 

X.  Observations  on  the  Dip  and  Variation  of  the  Magnetic 
Needle,  and  on  the  Intensity  of  the  Magnetic  Force,  made  aurii^ 
the  late  Voyage  in  Search  of  a  North-^est  Passage,  By  Capt» 
JEdward  Sabine. 

The  intensity  of  the  magnetic  force  increased  with  die  lati^ 
tude  ;  but  was  not  proportional  to  the  increase  of  latitude.  The 
following  table,  indicatmg  the  time  taken  up  by  a  dipping  needle 
in  making  100  vibrations  in  different  latitudes  and  longitudes^ 
gives  the  result  of  Capt.  Sabine's  observations  on  this  subject ; 
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70 
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90 

Regent's  Plirk,  Loodnn. 

The  dip  of  the  needle  likewise  increased  with  the  latitude. 
The  following  table  exhibits  the  observation : 
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Brassa  Island,  Shetland. 

On  ice. 
Hare  Island. 
Batfin'g  three  islands. 

On  ice. 

Ditto. 
Dittf. 
Ditio. 
Ditto. 
Ditto. 
Ditto. 
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Brassa  Island,  Shetland. 
Ref^ent's  Park,  Li»ndon. 


The  following  table  exhibits  the  variation  of  the  compass  in 
different  latitudes  and  longitudes  according  to  the  observations 
of  Capt.  Sabine^  with  an  azimuth  compass  contrived  by  Capt. 
Kater.  These  observations  are  entitled  to  particular  attention,. 
because  they  enable  us  to  point  out,  with  considerable  precision, 
the  position  of  one  of  the  magnetic  poles.  It  must  be  very 
nearly  N.  latitude  75^  59',  and  longitude  64^  32'  W.  from  Green- 
wich. If  we  suppose  this  latitude  and  longitude  to  be  correctly 
given,  the  true  position  of  this  magnetic  pole  may  be  easily 
found: 
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XI.  Off  the  Action  of  Crystallize^  Surfaces  upon  Light.     By 
Dr.  Brewster. 

Malus  was  of  opinion  that  the  forces  which  produce  extraor- 
dinary refraction  begin  to  act  only  after  light  has  penetrated  the 
surface  of  a  doubly  refracting   body.    Ihe  author  had  been 
induced,  from  experiments  made  before  the  perusal  of  Malus's 
book,  to  conclude  that  the  polarizing  forces  extend  beyond  the 
surface  of  the  crystal.    This  led  him  to  repeat  the  experiments 
on  which  Malus's  opinion  was  founded.     The  result  of  the  inves- 
tigation, which  oveitunis  the  doctrine  of  Malus,  is  contained  in 
this  paper.     If  we  take  a  six-sided  prism  of  nitre,  and  observe  a 
luminous  object  through  two  of  its  inclined  surfaces  that  have  a 
good  polish,  we  perceive  two   distinct  and  perfectly  formed 
imnges.     If  we  now  roughen  these  surfaces  and  cement  upon 
each  of  them  a  plate  of  glass  by  means  of  balsam  of  capaivi,  the 
character  of  the  two  images  will  be  greatly  changed.  The  image 
that  has  suffered  the  greatest  refraction  will  be  as  distinct  as 
before ;  but  the  other  image  will  be  either  of  a  faint-reddish 
colour,  or  wholly  invisible,  according  to  the  degree  of  roughness 
induced  upon  the  refracting  surfaces.     If  we  substitute  pure 
alcohol  or  the  white  of  an  egg  for  the  balsam,  the  least  refracted 
image  will  become  distinct,  and  the  most  refracted  image  irill 
be  either  a  mass  of  nebulous  Ught,  or  almost  invisible.     The 
reason  of  this  is,  that  balsam  of  capaivi  has  nearly  the  same  index 
of  refraction  as  the  ordinary  image^  but  not  of  the  extraordinary. 
It  therefore  removes  the  roughness  of  the  surfaces  as  far  as  the 
ordinary  image  is  concerned,  but  leaves  the  roughness  for  the 
extraordinary  image.     The  index  of  refraction  of  alcohol  and 
white  of  egg  is  nearly  the  same  as  that  of  the  extraordinary 
image.     It  therefore  removes  the  roughness  as  far  as  the  extra- 
ordinary image  is  concerned ;  but  leaves  it  with  regard  to  the 
ordinary  image.    Similar  experiments  were  made  with  calcareous 
spar  and  arragonite.    The  author  draws  from  them  the  following 
conclusions : 

1 .  The  force  of  double  refraction  and  polarization  extends  not 
only  without  the  interior  limit  of  the  ordinary  refractive  force, 
but  also  without  the  surface  of  the  crystal. 

2.  The  force  of  double  refraction  and  polarization  emanates 
from  the  surface  of  bodies,  though  its  intensity  depends  upon 
the  inclination  of  the  surface  to  the  axis  of  the  crystal, 

3.  The  ordinary  or  the  extraordinary  image  may  be  extin- 
guished at  pleasure  in  any  doubly  refracting  crystal ;  and  the 
crystal  is  thus  converted  into  a  singly  refracting  crystal,  like 
certain  specimens  of  agate. 

4.  In  soft  crystals  that  do  not  admit  of  a  perfect  polish,  the 
distinctness  of  any  of  the  two  images  may  be  made  a  maximnm, 
by  giving  the  crystal  the  best  polish  of  which  it  is  susceptible, 
and  then  cementing  plates  of  glass  upon  its  surface  by  a  trans- 
parent cement  of  tne  same  refractive  power  as  that  of  the  pencilf 
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'       which  is  to  be  rendered  most  distinct.     If  it  is  required  to  make 
the  two  images  equally  distinct,  the  reftactive  power  of  t^^^ 
cement  must  be  a  mean  between  that  of  the  ordinary  refraction 
and  the  extraordinary  refraction,  which  corresponds  to  the  angle 
which  the  retracted  ray  forms  with  the  axis  ot  double  refraction. 
5,  All  doubly  refracting  crystals  consist  of  an  ordinary  and  an 
extraordinary  mediom  alternating  with  each  other,  and  varying 
in  density  according  to  a  law  which  the  author  has  investigated, 
but  not  given  in  this,  paper.     Dr.  Brewster,  in  the  subsequent 
part  of  this  paper,  shows  that  the  change  in  the  angle  of  polari- 
1       zation  produced  by  the  interior  force,  depends  on  the  inclina- 
tion of  the  reflecting  surface  to  the  axis  of  the  crj'stal,  and  also 
on  the  azimuthal  angle  which  the  plane  of  reflection  forms  with 
1       the  principal  section. 

This  half  volume  terminates  with  a  postscript  to  Dr.  Young's 
paper,  containing  an  investigation  of  the  corrections  for  refra&- 
tion.  This  investigation  being  entirely  analytical,  I  must  refer 
those  readers  who  wish  to  know  the  important  results  obtained 
by  this  very  acute  philosopher  to  the  paper  itself,  which  occupies 
only  fonr  pages. 

The  usual  meteorological  journal  for  1818  is  given  likewise  in 
this  half  volume ;  the  mean  results  of  which  are  as  follows : 
temperature,  53'5° ;  barometer,  *29'88  inches,  at  the  height  of  81 
feet  above  low  water  at  Somerset  House.  No  correction  for 
temperature  is  introduced,  which  renders  the  barometrical  heights, 
given  in  the  journal  of  little  or  no  value. 

I  Rain,  1 1-636  inches. 

II  Mean  variation  of  the  needle  in  June,  24°  15'  43"  W. 
L_>«l>ip  about  70°  51' 
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Nov.  26. — Dr.  Carson's  paperj  On  the  Elasticity  of  the  Lunge^  , 
concluded.     After  some  introductory  remarks,  comprehend- 
ing a  popular  description  of  the  thorax  and  its  contained  viscera,  _. 
the  author  proceeded  to  observe  that  the  influence  of  the  elasti-  i 
city  of  the  lungs  on  the  circulation  of  the  blood  and  on  respiration^  1 
has  been  overlooked  by  physiologists.     To  ascertain  the  real 
force  of  the  elastic  power  of  these  organs,  Dr.  C.  connected  with 
tiie  trachea  of  several  animals  a  glass  syphon,  so  placed  as  to 
admit  of  pressure  being  exerted  on  the  lungs  by'a  column  of 
water  contained  in  it.     An  opening  was  then  made  into  the 
pavity  of  the  chest  on  both  aideg,  and  the  height  of  the  columa 
of  water  in  the  tube  was  considered  as  equivalent  to  the  pressure  1 
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€xerted  upon  it  by  the  elastic  power  of  the  lungs.  From  expe- 
riments conducted  in  this  manner  upon  the  lungs  of  the  ox,. 
Dr.  C.  considered  it  as  clearly  ascertained  that  in  this  animal  the 
resilience  of  the  lungs  is  more  than  equal  to  a  column  of  water 
a  foot  and  a  half  high.  In  a  still  more  satisfactory  experiment 
made  upon  the  lungs  of  a  dog,  the  column  stood  at  10  inches. 

The  paper  was  concluded  with  some  remarks  upon  artificial 
respiration,  and  on  the  best  means  of  ascertaining  the  actual 
quantity  of  air  contained  in  the  lungs.  * 

Nov,  30.— On  this  day  the  annual  meeting  for  the  election  of 
officers  for  the  ensuing  year  took  place,  when  the  following 
noblemen  and  gentlemen  were  elected  : 

President. — Kight  Hon.  Sir  Joseph  Banks,  Bart.  G.  C.  B.  &c. 

Secretaries. — W .  T.  Brande,  Esq.  and  Taylor  Combe,  Esq. 

Treasurer. — Davies  Gilbert,  Esq. 

There  remained  of  the  old  Council,  Right  Hon.  Sir  J.  Banks,. 
Bart. ;  W.  T.  Brande,  Esq. ;  Taylor  Combe,  Esq. ;  Davies 
Gilbert,  Esq. ;  Major-General  Sir  James  Willoughby  Gordon,. 
K.  C.  B. ;  Sir  Everard  Home,  Bart. ;  Sir  Thomas  Staunton,  Bart.; 
William  Hyde  WoUaston,  M'.D. ;  and  Thomas  Young,  M.D. 

There  were  elected  into  the  Council,  William  Blake,  Esq.  A.M.; 
John  Earl  Brownlow;  ChaJtles  William  Earl  of  Cbarleville; 
Alex.  Crichton,  M.D.;  Sir  Benj.  Hobhouse,  Bart. ;  Capt.  Henry 
Kater ;  Daniel  Moore,  Esq. ;  Right  Hon.  Sir  John  Nicholl,  Knt. ; 
the  Rev.  Thomas  Rackett,  M.A. ;  and  the  Right  Hon.  C.  Yorke. 

Dec.  9.^A  paper,  by  J.  F.  Herschell,  Esq.  F.R.S.  was  begun. 
It  was  entitled  "  On  the  Action  of  Crystallized  Bodies  on 
Homogeneous  Light,  and  on  the  Causes  of  the  Deviation  from 
Newton's  Scale  in  the  Tints  which  many  of  them  develope  on 
Exposure  to  a  polarized  Ray." 

l)ec.  16  and  23. — This  elaborate  paper  was  continued. 

LINNJ2AN    SOCIETY. 

This  Society  commenced  its  meetings  on  Nov.  2,  when   a 

{laper,  by  Henry  Thomas  Colebrooke,  Esq.  F.L.S.  was  begun. 
t  was  entitled  "  On  the  Ws^ltiedde  and  Memispermum  Fenes- 
tratum  of  Gcertner,  and  divers  Menisperma  described  by 
JRoxburgh/* 

Nov.  16. — The  above  paper  was  continued. 
Dec.  7. — There  were  read  some  Observations  on  Buxbaumia 
Aphylla,  in  a  letter  from  Mr.  J.  Stewart,  Lecturer  on  Botany  in 
JBdinburgh  to  Sir  Joseph  Banks. 

Dec.  21. — Part  of  a  paper,  by  —  Temminck,  Esq.  was  read, 
entitled  '^  A  Description  of  some  new  Birds  from  Newfoundland^ 
in  the  Society's  Museum." 

GEOLOGICAL   SOCIETY. 

June  18.— >Some  additional  remarks  by  H.  I.  de  la  Bedie, 
£8q«  were  read« 
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in  a  former  paper,  M.  de  la  Beche  gave  an  account  of  the 
fossil  animal  found  in  the  blue  lias  of  Lyme,  usually  called  the 
ichthyosaurus,  but  which  has  been  lately  named  by  Sir  E.  Home 
the  proteosaiiruB  ;  the  object  of  these  additional  remarks  ia  to 
point  out  several  species  of  proteosaurus  which  have  been  disco- 
vered. These  are  three :  the  communis,  the  tenuirostris,  and 
the  platyodou.  The  characters  of  the  spjicies  are  taken  from  the 
form  of  the  teeth  and  the  jaw  bone,  and  the  names  of  the  two 
latter  are  derived  from  the  shape  of  these  parts.  There  are 
probably  other  species,  but  they  are  not  yet  sufficiently  well 
ascertamed. 

The  author  gives,  from  Dr.  Leach,  a  scientific  description  of 
the  Dapedium  pohtum,  a  fish  with  rectangular  scales,  tnat  has 
been  discovered  in  the  lias  of  Lyme. 

Nov.  5.— The  reading^of  Mr.  Weaver's  paper  "  On  the  Geolo- 
gical Relations  of  the  Environs  of  Tortworth,  and  the  Mendip 
Range  in  Somersetshire,"  was  continued. 

Nov.  19.— A  paper,  from  Dr.  Nugent,  was  read,  entitled 
"  Sketch  of  the  Geology  of  Antigua."  It  was  accompanied  by  a 
map,  sections,  and  specimens. 

The  author  observes  that  Antigua  contains  no  raarka  of 
modern  volcanic  action  ;  but  many  eft'ects  of  former  revolutions. 
The  south  and  east  parts  of  the  island  exhibit  recent  beds  of  a 
peculiar  calcareous  formation,  probably  cotemporary  with  those 
around  Paris^  and  in  the  Isle  of  Wight;  the  surface  of  these 
calcareous  beds  is  in  the  form  of  rounded  hills,  like  those  of  the 
chalk  district  of  England,  the  highest  being  about  300  or  400 
feet  above  the  oceau.  The  materials  of  this  formation  are  not 
■uniform ;  a  great  part  of  it  consists  of  closely  compacted  marl, 
of  a  bright  yellow  colour.  Through  this  marl  run  layers  of 
compact  hmestone  containing  shells,  calcareous  spar,  quartz, 
chalcedony,  and  agate.  Strata  of  gritstone  also  run  through 
the  marl,  composed  of  quartz,  hornblende,  jasper,  hornatone, 
and  green  earth,  held  together  by  an  argillaceous  cement ;  this 
is  used  in  masonry.  The  marl  also  contains  a  smooth-grained 
calcareous  sandstone,  which  is  employed  for  building.  The 
calcareous  formation  contains  many  shells  and  coraUines,  both 
calcareous  and  silicified;  most  of  them  are  analogous  to  those 
ia  the  neighbouring  sea,  but  it  is  probable  that  they  have  been 
deposited  in  their  present  situation  at  a  remote  period. 

The  marl  contains  very  great  quantities  of  a  substance  called 
ground  pearl,  the  nature  of  whicn  is  not  well  ascertained.  The 
marl  also  contains  both  marine  and  fresh  water  remains,  but  they 
.are  mixed  together ;  the  silicified  and  agatized  coralhneB,  which 
are  so  abundant  and  so  beautifid  in  Antigua,  are  very  plentiful  in 
the  calcareous  beds  ;  they  contain  no  remains  of  large  animals, 
and  no  gypsum.  Below  the  calcareous  formation,  and  lying 
south  of  it,  are  extensive  irregular  masses  of  coarse  flint  or  chert. 
.Tliey  contain  a  large  quantity  of  shells,  chiefly  cetithea,  <a!i!£.^ 
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with  chalcedony ;  the  inferior  part  of  these  beds  contains  a  very- 
large  quantity  of  petrified  wood.  Below  the  marl  and  chert  is  a 
series  of  stratified  rocks  which  the  author  calls  claystone  con-^ 
glomerate  ;  they  compose  hills  that  are  precipitous  on  one  side, 
find  slope  gradually  on  the  other.  In  small  specimens,  the  rock 
resembles  a  clay  porphyry,  but  it  has  not  the  usual  relations  of 
this  rock.  It  dips  at  a  considerable  angle  to  the  north-west ;  it 
contains  so  much  chlorite  as  to  exhibit  a  green  tinge ;  this  is 
commonly  thought  to  depend  upon  copper ;  but  the  author  attri- 
butes it  either  to  iron  or  manganese.  The  rock  acquires  a 
conglomerate  appearance  from  the  numerous  specimens  of  petri- 
fied wood  and  fossils  of  all  kinds  which  it  contains. 

The  woods  are  all  tropical  species,  and  generally  of  the  palm 
tribe.  The  most  elevated  parts  of  the  island  consist  of  rocks  of 
the  newest  floetz  trap  formation ;.  but  the  author  conceives  that 
they  are  composed  ofavery  large  proportion  of  boulders  included 
in  the  conglomerate. 

A  communication  was  read  from  Dr.  Gmelin,  of  Tubingen,  on 
the  subject  of  the  clinkstone  of  Hohentwiel,  upon  which  natrolite 
is  found.  He  informs  us,  that  by  heating  it,  he  obtained  from  it 
a  quantity  of  ammonia ;  and  he  found  the  same  results  from  some 
•basalts  which  he  tried. 

KOYAL   ACADEMY    OF    SCIENCES    AT    PARIS. 

An  Analysis  of  the  Labours  of  the  Royal  Academy  of  Sciences 

during  the  Year  lSl8. 

(Continued  from  toK  xiv.  p.  229.) 

An  Historical  Essay  upon  the  Services  and  Scientific  Works  of 
^Gaspard  Monge;  by  M.  C.  Dupin,  a  pupil  of  Monge,  and  mem- 
ber of  the  French  Institute. — "  G.  Monge  was  bom  at  Beaune 
in  1746.     His  progress  was  such  that  they  gave  him  the  office  of 
Professor  of  Natural  Philosophy  in  the  college  at  Lyons  although 

he  had  only  begun  to  study  it  the  year  before Returning  to 

Beaune  in  the  vacation,  he  set  about  the  survey  of  that  town. 
As  he  had  not  proper  instruments  for  that  purpose,  he  made 
some  himself.  He  dedicated  his  work  to  the  administration  of 
his  native  place,  and  they  recompensed  the  young  author,  as  far 
as  the  limited  finances  of  the  place  would  allow.  A  Lieutenant- 
Colonel  of  the  Engineers,  who  happened  to  be  at  Beaune^ 
obtained  for  Monge  an  appointment  as  draughtsman  and  pupil 
in  the  Ecole  d'Apparailleurs  et  de  Conducteurs  des  Travaux  des 
Fortifications  (equivalent  to  our  Drawing  School  in  the  Tower)* 
As  he  was  an  excellent  draughtsman,  his  manual  dexterity  was 
alone  considered.  -He,  however,  already  knew  his  own  strength, 
and  saw  with  great  indignation  the  value  that  was  exclusivd^ 
bestowed  on  his  mechanical  talents.  *  I  was  tempted,'  said  he, 
^  a  long  time  afterwards,  a  thousand  times,  to  tear  my  drawings, 
•out  of  spite  fer  the  valuie  set  on  thjsm,  jopt  as  if  I  had  been  good 
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Hijr  nothing  else.'  The  director  of  the  school  ordered  him  to 
calculate  a  particular  case  of  defikmenl,  an  operation  ia  which 
the  rehef  and  groundwork  of  fortifications  is  to  he  combined 
together  with  the  smallest  possible  charge,  but  so  that  the 
defenders  may  be  sheltered  from  the  shot  of  the  assailanto. 
Mono;e  abandoned  the  method  hitherto  followed,  and  discovered 
the  brat  general  geometrical  method  that  was  known  for  this 
important  operation.  . . .  .By  applying,  at  different  times,  bis 
mathematical  talents  to  questions  ofaaimilarnature,  and  always 
generalizing  his  manner  of  conceiving  and  working  them,  he,  at 
last,  fpiined  a  scientific   work  on  the  aubject;  this   was  bis 

Descriptive  Geometry For  more  than  20  vears,  he  found  it 

impossible  to  show  to  the  corps  stationed  at  Mezieres  liie  opph- 
cation  of  his  geometry  to  carpentry.  He  was  more  succesefiil  in 
its  application  to  masonry;  he  studied  with  great  care  the 
methods  hitherto  employed,  and  simplifying  them  he  brought 
them  to  perfection  by  his  geometry." 

"  His  scientific  works  caused  him  to  be  appointed  Acting 
Professor  of  the  Mathematics  and  Natural  Philosophy,  in  liie 
room  of  Nollet  and  Bossut ;  afterwards  he  was  appointed  Hono- 
rary Professor :  he  then  turned  his  views  towards  the  study  of 
many  phenomena  of  nature  ;  he  made  immerous  experimenta 
npon  electricity ;  he  explained  the  phenomena  which  arise  from 
capillary  attraction ;  was  the  creator  of  an  ingenious  system  of 
meteorology ;  he  examined  the  composition  of  water,  having 
made  that  great  discovery  without  having  any  knowledge  of  the 
ejcperiments  which  had  just  before  been  made  by  Lavoisier, 
Laplace,  and  Cavendish.  He  did  not  content  himself  with 
explaining  to  his  pupils  in  the  theatre  of  the  school  the  theories 
of  science  and  their  application :  he  loved  to  conduct  his  disciples 
wherever  the  phenomena  of  nature,  or  the  works  of  art,  coold 
render  these  applications  apparent  and  interesting.  He  commu- 
nicated his  own  ardour  and  enthusiasm  to  his  pupils,  andchanged 
those  observations  and  researches  into  desirable  pleasures,  which 
wonld  have  appeared  to  be  a  disagreeable  study  in  the  confine- 
ment oi'  a  school,  and  clothed  only  in  abstract  ideas," 

"  In  order  to  bring  Monge  to  Paris,  bra  was  appointed  in  1780 
assistant  to  Bossut,  Professor  of  the  Hydrodynamic  CouTse, 
instituted  by  Turgot,  That  he  might  reconcile  the  duty  of  the 
two  places  which  he  now  held,  he  lived  six  months  at  MeziereSj 
and  six  months  at  Paris,  The  same  year  he  was  admitted  into 
the  Academy  of  Sciences  ;  and  on  the  death  of  Bezout  in  1783, 
he  was  chosen  to  succeed  that  celebrated  examiner  of  the  navftl 
service.  The  Marquis  de  Castries  invited  Monge  several  times 
to  write  another  elementary  course  of  the  mathematics  for  the 

Smths  of  the  naval  service,  but  Monge  always  refused  to  comply, 
ezout,  said  he,  has  left  a  widow  with  no  other  fortune  than  her 
late  husband's  works,  and  1  do  not  wish  to  take  away  the  bread 
>/fitnn  the  widow  of  one  who  has  rendered  impottasA  ftwww*'' 
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science  and  to  his  country.  The  only  elementary  work  which 
Monge  published  was  his  Traite  de  Stdtique;  and,  with  the 
exception  of  a  few  passages  in  which  greater  rigour  might  be 
desirable,  the  Statique  of  Monge  is  a  m9del  of  logic,  clearness,, 
and  simplicity." 

"  At  that  period  when  the  public  distress  called  forth  all  the 
useful  talents  and  courage  of  the  superior  classes  to  the  assist- 
ance of  their  country  menaced  with  invasion,  Monge  was  created 
Minister  of  the  Marine.  He  did  every  thing  he  could  to  keep 
those  men  who  were  distinguished  for  their  merit  or  bravery  in 
France.  He  even  descended  to  entreaties  to  procure  the  conti- 
nuation of  Borda's  servipes,  and  he  had  the  happiness  to  succeed. 
He  was  one  of  the  most  active  men  in  those  scientific  services 
which  the  preservation  of  the  state  required.  The  construction 
of  the  new  grinding  machines  erected  in  the  powder  mills  at 
Grenoble  was  his,  and  also  the  driUing  machines  constructed 
upon  the  barges  of  the  Seine.  He  spent  his  days  in  giving 
instructions  and  superintending  the  workmen,  and  his  nights  in 
writing  his  treatise  on  the  casting  of  artillery,  a  work  designed 
for  the  use  of  directors  of  foundries,  and  for  workmen." 

"  It  was  in  his  course  at  the  Normal  School  that  he  first  gave 
his  lectures  of  descriptive  geometry,  the  secrets  of  which  he  had 
not  been  able  to  reveal  sooner.  Another  estabhshment,  which 
had  been  originally  conceived  before  the  Normal  School,  but 
which,  having  had  more  attention  paid  to  it  by  the  inventors, 
followed  it  in  the  order  of  execution,  realized  some  part  of  the 
hopes  which  had  been  looked  for  in  vain  on  the  estabhshment 
of  the  first  Encyclopedic  School  that  had  been  opened  in  France. 
Monge  brought  into  it  his  long  experience  at  Mezieres,  and 
joined  to  this  new  and  profound  views  ;  he  drew  up  the  plan  of 
study,  marked  out  their  succession,  and  proposed  scientific 
methods  of  execution.  Out  of  400  pupils  originally  placed  in 
the  Polytechnic  School,  50  of  the  choicest  were  collected  into  a 
preparatory  school.  Monge  was  almost  the  only  one  that  taught 
these  pupils.     He  remained  the  whole  of  the  day  among  them^ 

giving  them,  in  turn,  lectures  on  geometry  and  analysis 

exhorting  them,  encouraging  them,  inflaming  them,  with  that 
ardour,  that  kindness,  that  impetuosity  of  genius,  which  made 
him  explain  to  these  pupils  the  truths  of  science  with  an  irresist- 
ible force  atid  charm.  In  the  evening,  when  these  labours  were 
finished,  Monge  began  others  of  a  different  kind;  he  wrote  the 
sketches  which  were  to  serve  as  a  text  to  his  next  lectures,  and 
the  next  day  he  was  to  be  found  along  with  his  pupils  at  the  very 
moment  of  their  me^eting.  The  good  nature  of  Monge  was 
neither  the  cold  calculation  of  the  sage,  nor  even  the  effect  of 
education ;  it  was  a  simple  benevolence  which  arose  from  his 
happy  organization.  He  was  bom  to  love  and  to  admire.  Hia 
admiration  was  excessive  Uke  his  love  ;  in  consequence  of  which 
li^did  not  always  kecip  within  the  limits,  that  cold  and  unfeeling 
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reason  would  have  prescribed As  he  was  the  father  of  his 

pupils  in  the  school,  so  he  was  in   camp   the  father  of  the 
soldier." 

"  In  traversing  Italy  to  collect  the  statues  and  pictures  that 
had  been  ceded  to  France,  Monge  was  struck  with  the  singular   ' 
contrast  between  the  Grecian  monuments  of  the  arts  and  thoBe   ' 
of  the  Egyptians,  transported  by  Augustus  and  his  successors  to  ' 
the  shores  of  the  Tiber.    The  comparative  characters  of  the 
ancient  monuments  were  the  frequent  subject  of  conversation 
between  the  conqueror  of  Italy  and  the  commissary  who  collected 
for  his  countrythe  most  precious  fruits  of  victory.     Monge  con- 
ceived the  idea  of  extending  the  domain  of  history  beyond  the 
fabulous  ages  of  Greece;  of  learning  with  the  certainty  of  a  ^ 
geometer  vmat  were  the  labours  of  the  ancient  sages  of  the  East;  ■ 
of  discovering  afresh,  by  the  contemplation  of  their  monuments, 
what  had  been  the  processes  of  their  arts,  the  usages  of  their 
public  hfe,  the  order  and  the  majesty  of  their  feasts,  and  of  their  ' 
t  ere  monies." 

"  Monge,  charged  by  the  General  in  Chief  to  carry  to  the 
Directory  the  treaty  of  Campo  Formio,  was  a  short  time  after- 
wards placed  in  the  first  rank  of  the  literary  men  who  composed 
the  Commission  of  Sciences  and  Arts  which  were  to  accompany 
the  expedition  to  Egypt,     He  was  ths  first  that  was  appointed 
President  of  the  Institute  of  Egypt  formed  on  the  model  of  the 
French  Institute.     He  visited  the  pyramids  twice,  he  saw  the 
obehsk  and  the  grand  ruins  of  Heliopolis,  he  studied  the  remains 
of  antiquity  scattered  round  Cairo  and  Alexandria.     It  was  dur- 
ing a  tedious  march  in  the  middle  of  the  desert  that  he  discovered 
the  cause  of  that  wonderful  phenomenon  known  by  the  name  of  J 
mirage.     At  the  time  of  the  revolt  of  Cairo,  there  were  in  the 
city  only  a  few  detachments  of  the  troops.     The  palace  of  the 
Institute  was  guarded  by  the  members  themselves;  and  it  was 
gropOBed  to  sally  out  and  join  the  main  guard  ;  but  Monge  and 
BerthoUet,  considering  that  the  palace   contained  the    books,    ' 
manuscripts,  plans,  and  auticjuities,  which  were  the  fruits  of  the  j 
expedition,  maintained  that  it  was  the  duty  of  the  members  to   ■ 
■guard  this  precious  deposit,  and  that  they  ought  to  defend  that  1 
treasure  at  the  hazard  of  their  lives."  j 

"  Monge  presided  in  the  Commission  of  the  Sciences  and  the  1 
Arts  in  Egypt ;  he  contributed  by  his  councils  to  form  that  wise    , 
plan,  and  by  arranging  and  proportioning  the  various  parts  endea-   I 
voured  to  execute  it  in  the  utmost  perfection," 
■  "  Monge  had   an  inimitable    method  of  exposing  the  most 
abstract  truths,  and  of  rendering  them  plain  by  the  language  of 
action,     Nevertheless  it  was  only  by  combating  with  nature  that 
he  was  able  to  become  an  excellent  professor:  he  spoke  with 
tlifficulty,  and  almost  stammered  ;  the  prosody  of  his  discourse 
was  vicious,  for  he  lengthened  some  syllables  falsely,  andsbort- 
eaed  others.     Ilia  physiognomy,  naturally  calm,  exhibited  ^Jw>  1 
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appearance  of  meditation ;  but  as  soon  as  he  spoke^  he  appeared 
quite  another  man ;  his  eyes  acquired  a  sudden  brilliancy  ;  his 
countenance  became  animated,  and  his  figure  seemed  as  if 
inspired ." 

"  Monge,  debilitated  by  age,  was  at  last  the  victim  of  an 
imagination  which,  according  as  the  times  were  adverse  or  pros* 

perous,  carried  him  beyond  either  just  fears  or  just  hopes 

His  last  moments  were  without  last  thoughts — without  last 
effusions — without  any   adieu  :    he  sunk  in    silence — without 

agonies — \dthout  terror — and  without  hopes The  rules  of 

the  service  did  not  allow  the  generous  youths  to  deposit  at  the 
time  of  his  funeral  the  token  of  their  remembrance  and  their 
regret  upon  the  tomb  of  their  old  benefactor ;  but  on  the  dawn 
of  the  day  after  the  funeral,  the  pupils  went  silently  to  the  place 
of  burial,  and  fixed  upon  it  an  oaken  bough,  to  which  they  hung 
a  crown  of  laurel.  Twenty-three  former  pupils  of  the  Polytechnic 
School,  residing  in  the  town  of  Douay,  joined  together  with  one 
accord,  and  wrote  to  M.  BerthoUet  to  beg  he  would  superintend 
the  erection  of  a  monument  to  be  built  at  the  expense  of  the 
former  pupils  of  the  Polytechnic  School,  in  honour  of  Gaspard 
Monge.  M.  Bertrand,  Notary,  No.  46,  Rue  CoquiUi^re,  Paris, 
is  charged  with  the  receipt  of  the  subscriptions.  The  pupils  who 
have  studied  architecture  are  invited  to  propose  their  plans  for 
Monge's  monument,  and  to  send  them,  with  an  estimate,  to  M. 
Bertrand." 

This  notice  is  terminated  by  a  list  of  pupils  who  have  already 
{Subscribed.  The  second  part  contains  a  catalogue  and  analyti- 
cal review  of  Monge's  writings,  not  only  of  those  which  he 
published  separately,  but  also  of  those  which  are  inserted  in  the 
Memoirs  of  the  Academy,  or  of  the  Polytechnic  School,  and  in 
many  other  collections.  All  these  works  are  well  known,  and 
duly  appreciated ;  we  have  extracted  in  preference  the  slighter 
anecdotes,  those  which,  exhibiting  as  it  were  the  mind  of  Monge, 
explain  the  attachment  of  his  former  pupils,  and  the  regrets  of 
his  fellow  labourers. 

On  the  Pontine  MarsJies:  by  M.  De  Prony.  Paris,  1818.— 
At  the  meeting  of  Jan.  9,  1816,  the  author  read  a  memoir,  in 
which  he  gave  a  general  idea  of  the  great  problem  relative  to 
draining  and  rendering  wholesome  the  Pontine  Marshes.  This 
memoir  appears  again  at  the  head  of  this  work,  of  which  it  forms 
the  introductory  part,  and  is  accompanied  with  interesting  notes, 
which  could  not  be  got  into  the  text. 

In  the  442d  year  of  Rome,  at  the  time  of  the  construction  of 
the  Appian  way,  the  Pontine  district  was  in  a  marshy  state. 
About  160  years  afterwards,  ComeUus  Cethegus  undertook  the 
draining  of  it.  These  works  were  afterwards  neglected  until  the 
dictatorship  of  JuUus  CsBsar,  whose  vast  projects  were  inter^ 
rupted  by  his  death.  Nero,  Trajan,  and  their  successors, 
bestowed  much  attention  on  the  Appian  way,  and  but  Utile  oa 
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the  Pontine  Marshes.  Theodoric  confided  the  draining  of  it  ta 
Decius.  Leo  X,  and  Sestus  V.  caused  several  works  worthy  of 
notice  to  be  executed,  but  these  were  by  no  means  to  be  com- 
pared with  the  works  executed  from  1777  to  1796  under  the 
pontificate  of  Pius  VI,  who  expended  9,000,000  of  francs  upon 
them,  Unfortunately,  the  plan  had  been  laid  on  theoretical 
Tiewa,  very  specious,  and  very  seducing,  proper  indeed  in  many 
respects,  but  being  too  general,  the  consequences  were  unlbiturr 
aate ;  so  that  these  works  considered  in  a  hydrauhc  point  of 
view  exliibit  mere  sketches  of  vast  conceptions,  in  which  many 
parts  of  great  importance  are  wanting,  having  been  thougli 
unworthy  of  notice.  Very  circumstantial,  historical,  and  critical 
details  upon  all  these  objects  are  to  be  faund  in  this  work. 

By  means  of  borers,  it  has  been  ascertained  that  the  sea 
formerly  washed  the  feet  of  the  mountains  which  form  the  eastern 
and  southern  bomidariea  of  the  Pontine  Marshes.  The  whole  of 
the  phenomena  concur  in  showing  that  the  formation  of  these 
marshes  was  caused,  on  the  one  hand,  by  brooks  and  torrents 
ninning  into  a  gulph  wliich  formerly  covered  the  isles  of  Circe, 
Zanoni,  and  Ponza  ;  and,  on  the  other  hand,  by  the  sea  forming 
two  ridges  of  sand  banks,  the  last  of  which  has  at  length  shut 
GHp  the  communication  between  the  sea  and  the  internal  cul^h. 
Colmates's  method  of  employing  currenta  of  water  charged  with 
mud  to  raise  up  the  soil  by  its  deposition  and  successive  increase^ 
offers  here  only  a  secondary  resource,  as  its  effect  is  so  very 
slow.  Notwithstanding  its  InsuiEciency,  it  will  be  proper  to 
continue  the  trials  of  tms  kind,  which  have  been  aheady  begun. 
And  M.  de  Prony  advises  the  use  of  it  tor  the  amelioration  of 
some  soils,  to  which  he  believes  it  to  be  very  apphcable  ;  but  it 
cannot  be  considered  as  any  other  than  a  subsidiary  means.- 
The  principal  method  to  be  used  for  tha  draining  of  these 
marshes  can  oidy  be  a  good  system  of  canals  to  carry  off  the 
water.  To  establish  a  system  of  this  kind,  it  would  be  neces- 
sary, in  the  first  instance,  to  procure  an  exact  plan  of  the 
ground,  its  declivities,  its  ton-ents,  its  rivulets,  the  quantity  of 
rain  that  falls  annually  on  it,  and  the  quantity  it  throws  oft'  by 
evaporation.  This  prehminary  knowledge, being  atpresentvery 
imperfect,  M.  de  Prony  has  begun  to  fill  up  the  parts  that  were 
still  wanting  to  complete  it.  By  means  of  three  signals  placed 
at  known  distances  on  the  same  straight  hne,  he  determined,  in 
the  most  expeditious  manner,  all  the  points  from  whence  he 
could  observe  his  three  signals.  He  has  also  reduced  this 
curious  problem  to  general  and  convenient  formulie.  In  fact, 
this  is  only  a  particular  case  of  the  problem  by  which  Hipparchus 
determined  the  eccentricity  and  distances  cf  the  sun  and  moon. 
Snell  was  the  first  that  transferred  this  problem  from  the  heavens 
to  the  earth,  and  made  use  of  it  in  surveying.  Hipparchos's 
problem  has  been  reduced  by  us  into  general  formulEe,  which 
comprehend  the  case  used  by  M.  Prony.   We  have  been  cuiIouk 
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enough  to  compare  the  two  methods ;  and  we  have  found  theBk- 
equaUy  exacts  and  equally  expeditious. 

Thus,  by  uniting  together  the  diifferent  memoirs  which  haver 
been,  communicated  to  hipa,  along  with  the  results  of  his  own 
survey,  and  the  observations  he  made  during  his  residence  in  the 
Pontine  Marshes ;  as  also  with  the  levels,  borings,  and  other 
works,  executed,  at  his  desire,  by  that  skilful  engineer  M.  Scac- 
cia,  the  author  has  been  able  to  form,  for  his  direction  in  the 
project  of  draining  these  marehes,  a  collection  of  materials  much, 
more  complete  than  those  on  which  the  former  projects  had  been 
undertaken.  The  recent  progress  of  the  doctrines  of  running 
water  has  also  furnished  him  with  means  which  were  wanting  to 
his  predecessors.  By  the  help  of  all  these  means,  he  has  beea 
able  to  form  a  plan  which  will  satisfy  all  the  conditions  required 
by  that  celebrated  problem,  the  draining  of  these  marshes. 

The  work  is  divided  into  four  sections.  The  first  contains 
the  description  and  dimensions  of  the  Pontine  basin ;  the  second 
contains  the  state  of  these  marshes  before  the  execution  of  the 
works  ordered  by  Pius  VI.  In  the  third,  there  is  given  a 
description  of  their  present  state,  and  an  analysis  of  the  dijBTerent 
projects  formed  anterior  to  1811.  The  fourth  and  last  contains 
the  author's  own  views,  and  his  projects  for  the  ulterior  benefit 
of  the  Pontine  Marshes.  In  all  of  these  we  find  a  number  of 
curious  and  instructive  tables,  in  which  the  author  has  collected 
all  the  results  of  his  observations  and  calculations.  It  is  evident 
that  it  is  impossible  for  us  to  analyze  them  ;  we  shall  only  notice 
the  true  measure  of  the  ancient  Koman  foot,  deduced  from  the 
distance  of  the  42d  and  46th  milestone  on  the  Appian  way,  the 
only  ones  which  have  not  been  thrown  down  and  removed • 
The  true  Roman  foot  is  0*294246  metre>  or  10  inches  10  linea 
"044  of  the  old  Paris  foot. 

In  the  fourth  section,  which  is  the  most  extensive,  and  con* 
•tains  more  especially  the  application  of  the  hydraulic  theories^ 
vthe  evil  consequences  of  parinjy  and  burning  the  soil  are  shown; 
also  the  present  state  of  the  Po,  which,  by  means  of  the  soil  it 
deposits  at  its  mouth,  now  gains  70  metres  yearly  from  the  sea, 
instead  of  25,  which  it  gained  yearly  from  the  12th  to  the  17th 
century  ;  the  deposition  of  soil  fonned  by  the  Tiber ;  andlastly> 
the  contrary  effect  produced  by  the  sea  on  the  shore  between 
Anzo  and  Astura.  **  The  Italians  are,  perhaps,  the  first  who 
gave  to  modem  Europe  the  example  of  moderating  the  descent 
and  velocity  of  currents  by  means  of  falls,  but  they  never 
employed  sluices  for  any  other  purpose ;  the  glory  of  using 
sluices  to  establish  a  communication  between  two  large  basina 
was  reserved  for  France.  The  canal  of  Briare,  which  joins  the 
Loire  to  the  Seine,  and  which  was  finished  in  1642,  is  the  first 
example  of  the  union  of  two  rivers  by  a  canal  traversing  the 
country  lying  between  their  two  beds.  This  example  was  foW 
lowed  with  great  success  by  the  contrivers  of  tuQ  canal  of 
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Lasguedoc,  begun  in  1668,  and  finished  in  1681.  Thus  the 
French  engineers  have,  without  the  least  contradiction,  the 
exclusive  glory  of  having  invented  canals,  and  of  having  pro- 
duced, as  the  first  application  of  this  invention,  two  grand 
works,  justly  esteemed  the  finest  in  their  kind ;  and  the  novelty 
of  whiicli  has  not  been  sufficiently  remarked  or  perceived  by 
those  who  have  written  the  history  of  the  art." 

The  remainder  of  the  work  contains,  at  full  length,  the  appli- 
cation of  the  principles  and  formulEC  given  by  the  author  in  his 
Physico-matheniatical  Researches  upon  Runnnig  Waters.  These 
principles  and  methods,  established  upon  all  the  experiments 
the  author  could  collect,  have  been  already  reduced  to  practice 
in  several  cases,  and  especially  in  a  very  large  drainage ;  namely, 
that  of  the  marshes  of  Bourgoin  directed  by  M.  Roland. 

The  whole  review  of  this  work  shows  this  important  conse- 
quence— the  possibility  of  including  in  regular  canals  all  the 
water  which  inundates  this  unfortunate  soil,  and  of  giving  it  a 
free  and  easy  passage  to  the  sea.  The  draining  being  completed 
by  the  means  now  pointed  out,  the  keeping  the  ground  in  good 
culture  will  be  neither  difficult  nor  expensive,  but  it  should  be 
followed  up  with  great  care. 

The  results  of  such  extensive  researches  for  rendering  whole- 
some the  neighbourhood  of  Rome,  and  for  its  prosperity, 
cannot  be  foreseen  at  present  with  much  certainty  :  the  author 
has  done  every  thing  that  depended  on  him  ;  and  his  work  will 
at  least  exhibit  to  young  engineers  an  useful  example  of  the 
union  of  theory  and  experience  in  forming  the  project  of  an 
extensive  drainage. 

(To  H  c.niiBH.rfO 
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I.  Polatoe. 
The  gerteral  opinion  is,  that  the  potatoe  is  indigenous  in 
America,  and  that  it  was  brought  from  that  continent  to  Europe 
by  the  Spaniards  soon  after  the  discovery  of  America  by  Colum- 
bus. A  fact  mentioned  in  the  Transactions  of  the  Linn^ean 
Society,  vol.  xii,  p.  585,  may,  perhaps,  be  considered  as  a  corro-" 
boratton  of  this  opinion.  Don  Jose  Pavon,  of  Madrid,  one  »f 
the  authors  of  the  Flora  Peruviana,  states,  in  a  letter  to  Mr. 
Lambert,  that  he  and  his  companions  Ruiz  and  Dombey  had 
found  the  potatoe  (Soianum  tuberosum)  growing  wild  in  the 
eavirons  of  Lima,  and  14  leagues  from  thence  on  the  co%a\,  lA 
^Jifii.,  XV.  N°  I. 
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Pern,  aawellas  in  Chili ;  and  that  it  is  cultivated  very  abundantij 
in  thoae  countries  by  the  indiaos,  who  call  it  PapKS. 

U.  Raaarkable  Differenae  between  tht  Celestial  and  Terrestrial 
Arc  of  the  Meridian. 

In  the  year  1808,  Baron  von  Zacb  determined  the  latitude  of 
Rorence  at  the  Observatory  of  the  Grand  Ducal  Obserratorj^^ 
and  found  it  by  .006  observations  of  difibrent  stars  to  be 
43**  46'  4-31".  'In  1809,  he  detemiined  the  latitude  of  Pisahf , 
604  observations,  made  at  the  Observatory,  and  found  it  to  IS' 
43"  4'.y  1 1-77" ;  so  that  the  difference  between  the  latitude 
theu  two<:itj&B  is  3'  S2'&4". 

Bsioou  von  Zauh  likewise  ascertained  the  longitudes  of 
two  placeSf  by  observations  of  the  occultations  of  vaiious 
by  tofl  noon,  and  found  them  as  follows  : 

FlcHwace,  35'  40*2^  in  time  E.  of  the  Observatory  of  Pariff' 

Pi8»,  33     8-0 

In  the  year  1815,  when  Tuscany  was  restored  to  its  legitime 
sovereign,  Ferdinand  IV.  the  reigning  Grand  Duke  ordered  « 
trigonometrical  survey  of  the  whole  Grand  Duchy  to  be  mado. 
This  survey  was  committed  to  the  care  of  Father  Ingluraau^ 
Professor  of  Astronomy,  and  Director  of  the  two  ObservatOMiM 
of  Florunce.  He  conducted  it  with  the  greatest  possible  pniiMt'^ 
sion,  as  may  be  seen  in  the  three  following  memoirs,  whichJhl 
published  in  succession. 

1 .  Dalla  Longitudine  e  Latitudine  delle  Citta  dt  Pistoia,  e  di 
Prato.  Estratl^  dal  vol.  delle  Memorie  di  Scienie  IVUten* 
e  Fisic.  dell'  Imp.  e  R.  Accademia  Pistojese,  per  I'Anuo  181$, 
Pistoja,  1816. 

2.  Delia  Longitudine  et  Latitudine  Geografica  dell  a  Citta.  di 
Volterra,  S.  Miniato  e  Fiesole.     Firenze,  1817. 

3.  Di  una  Base  Trigonometric  a  Misurata  in  Toscano  nell* 
autunno  del  1817,  letta  iu  Livoma  all'  Accademia  Labronica  il 
di7Febrajo,  1818.     Firenze,  1818. 

fiunog  the  course  of  this  survey,  he  joined  iFlorence  and  Pisa 
together  Dy  a  senes  of  triangles,  and  thus  was  enabled  to  deter- 
mine geometrically  the  difference  between  their  latitudes.    Baron 
von  Zach  had  determined  the  latitude  of  Pisa  astronomically, 
43°  43'   lI-??" 
Inghiranii  found  it 43     43     19-40 

Difference 00     00       ?63* 

Thifl'  enormous  difference,  if  we  were  to  ascribe  it  to  the 
operations  of  Inghirami,  would  suppose  an  error  of  at  least  100 
toises  in  the  o^odeaiacal  operations  ;  which  is  quite  inadmissi- 
ble. 

The  longitude  of  Pisa,  as  found  by  the  astronomical  observa- 
Itona  and  the  trigononielncal  Burrey,  was  ikewise  diderent. 
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Zach  found  it. . .  28°  2'   O'O"  E.  from  Ferro 
iBghirami 28     4     1-2 

Difference 00     2     1-2 

This  difference,  though  much  greater  than  the  former,  is  not 
so  aotprJsin^. 

Inghirami  was  much  mortified  a.t  these  discrepancies,  which  I|« 
considered  as  throwing  a  slur  upon  the  accuracy  of  his  opera- 
tions. He,  therefore,  used  every  possible  exertion  to  get  rid  of 
tbem.  At  first,  he  rested  satis&ed  with  a  short  base  whicb 
Baxon  von  Zach  had  measured  during  his  observations,  to  deter- 
miae  the  latitude  of  Florence ;  but  he  afterwards  measured  a 
rauch  longer  one  himself,  and  went  over  all  the  parts  of  his 
calculations  again  and  again  with  the  most  scrupulous  attention; 
but  his  efforts  were  unavailing.  Baron  voa  Zach  considers  the 
error  to  lie  in  the  astronomical  observations.  He  is  of  opinion 
tfaat  astronomic^  instruments,  notwithstanding  the  great  accu- 
racy Witt  which  they  are  now  made,  are  not  capable  of  giving 
the  true  latitude  nearer  than  two  or  three  seconds.  Another 
cause  of  the  difference,  he  thinkjs,  may  be  the  attraction  (^ 
mountains,  or  of  masses  of  matter  below  the  surface  of  the  earthy 
having  a  greater  or  smaller  specific  gravity  than  usual,  which, 
1^  acting  on  the  plumb  line,  must  occasion  an  error  in  the 
astroaomical  observations.  A  third  cause,  he  conceives  to  be 
Ihe  irreguiarity  of  the  figure  of  the  conformation  of  the  earth.— 
(Con-eapondence  Astronomique,  Geographique,  Hydro graphiqne 
et  Statistique,  du  Baron  de  Zach,  vol.  i.  p.  1.     Genoa,  1818.) 

m.  Potitiona  of  different  Places  oh  Uie  North  Coast  of  Africa^ 
Cixpt.  WilLam  Henry  Smyth,  of  Royal  Navy,  at  present 
employed  in  the  Mediterranean  in  an  astronomical,  geogiaphicd, 
ana  hydrographical  mission,  has  determined  the  latitudes  and 
Isngitudes  of  uie  following  places  on  the  north  coast  of  Africa  as 
fbl^ws: 
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Tripoli  (house  of  ^e  British  Consul) 
Leptis  magna  (tent  m  the  ruins)  ...  32    37 

Oterrza  (at  the  tombs) 30 

CyniphuB  (river,  mouth  of) 

Aaal  Amrah  (the  point)   

Benhouleat  (the  castle) 

Cape  Bon  (the  tower) , 

Pontellana  island  (the  castle) .  . 

TMoora  (the  point) 32     53 

Gdita  bbnd  (the  centre) 37     32 

e3 


i3"|30''  50'  30" 

23  31  47  15 

30  |31  48  30 

25  !31  54  20 

5  ,31  30  0 

10  30  58  0 

45  !28  43  45 

5  '36  51  16 

0  31  1  la 

30  ,26  34  50 
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IV.  Position  of  different  Places  in  Sicily  and  the  Neighbourhood, 

determined  by  Capt.  W.  H.  Smyth. 


Messina  (the  fanal) 

Syracuse  (the  fanal) 

Milazzo  (the  fanal,  Cape  Bianco).  . . 

Cape  St.  Vito 

Cape  de  Gallo  (Bay  of  Palermo)  . . . 

Ustica  Isle  (Fort  Falconara) 

Strombolilsle  (church  of  St.Bartolo)38 

Lipari  Isle  (castle). 

Felicuri  Isle  (church) 

Maritimo  Isle  (castle) 


LoDgitade    But 
from  Fcno.  - 


as"  14' 

32  65 

32  64 

30  26 

31  1 
30  61 

32  52 
32  36 
32  5 
29  43 


66" 
55 
15 
0 
30 
45 
55 
26 
65 
40 


(Ibid.> 

V.  Positions  of  different  Places  on  the  North  Coast  of  Africa,, 
determined  by  Don  Dionysio  Alcala  Galiano. 

The  best  chart  of  the  Mediterranean^  which  has  yetappeared^ 
was  published  by  the  Spaniards^  in  the  year  1804,  under  t^. 
following  title  :  ^^  Carta  esferica  que  comprehende  las  costas  de 
Italia^  las  del  Mar  Adriatico,  des  de  Cabo  Venere  hasta  las  islas^ 
Sapiencie  en  la  Morea,  y  las  correspondientes  de  Africa,  parte 
de  las  islas  de  Concega,  y  Cerdena,  con  las  demas  que  comprer  • 
hende  este  mar  ec.  Corregida  la  costa  de  Africa  y  las  islas  -de 
Sicilia,  de  Lipari  y  Sapiencie  en  1804,  por  las  observationeft  ec*. 
por  D.  Dionysio  Alcala  Galiano  ec." 

The  latitudes  and  longitudes  in  that  chart  correspond  wel}  witfa^ 
those  given  by  Cai)tain  Smyth.  Hence  there  is  every  reason  to 
trust  in  the  precision  of  the  following  places  on  the  northern 
coast  of  Africa,  taken  from  Galiano's  chart : 


Isola  Piana.  • .  • 
Cape  Blanco  .  • . 
Isles  of  Dogs.  . . 
Cape  Zebibi  • . . 
Porto  Cartago  . 
Goletta  de  T^mis 
lies  d'Imbres.  • , 
Isle  Lampione  • , 
I«le  Linosa.  • ... 


N«rth  latitade. 


37  17 
37  18 
37  16 


0 
36  62   0 

36  48  30 

37  7   0 
36  36 


Lonptude    £)m 
from  Ferro. 


30^^28° 
0 
0 


8'  3d"; 

27  40  80 

27  66  3a 

28  4  3a 
28  9  30 
28  6  30 
28  37  30 


0  30  10  30 


36  60  30  30  38  30 
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The  following  positions  of  places  on  the  coast  of  Sicily  are 
likewise  taken  n-om  the  same  chart : 


He  Salina  ••«••• 

Torre  del  Faro 

Agosta 

Cap  de  Morro 

Cap  di  Passaro 

Cap  Scaramic 

PuntadellaSaeta 


North  latitude. 


38°  33^  3(y' 

38  15  30 

37  17  30 

37  2  0 

36  39  30 

36  46  30 

37  51  30 


Longitude    East 
from  Ferro. 


38°  2&     (y 
33    21    30 


33    27    00 


(Ibid.  p.  73.) 

yi.  Position  of  various  Places  in  the  Mediterranean  by  Mr* 

Rumker, 


\ 


Corfu 

S.  Vito,  near  Corfu 

S.  Maura 

Isle  of  Itiiaca  ....   ..... 

Port  Chieri,  in  Zante .... 

Syracuse 

Isle  Maritimo 

Isle  Goi^onna ^. 

Cagliari,  in  Sardinia 

Isle  Cabrera;  below  Ma- 
jorca   

Isle  Alboran  (Africa) .... 
Gibraltar  (European  point) 


North  latitude. 


39°  36' 

39  37 

38  40 

38  12 

37  46 

37  2 

38  1 
43  26 

39  12 

39  7 

36  66 

36  6 


30" 

26 

00 

00 

00 

00 

OQ 

00 

00 

00 
00 
00 


Long.   East  from 
Greenwich. 


19°  32'   16" 


Variation  of 
the  compaitf. 


20 
20 
20 
16 
12 
10 


1 
3 

5 


36 
36 
56 
13 
2 
9 


40 

1 

10 


00 
00 
16 
16 
00 
00 


16 
0 

w 


17"  W. 
19 


'i- 


(Ibid.p.  76.) 

VII.  Position  of  La  Valetta,  in  Malta. 

Baron  von  Zach  has  fixed  the  latitude  and  longitude  of  this 
place  as  follows,  from  the  observations  of  Father  Feuilie  : 

North  latitude,  36°  64'  30" 

East  longitude,  32  6  63  from  Ferro,  or  48'  23*6"  in  time 
eastof  Paris.— (Ibid.  p.  83.) 
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mil.  Geographkal  Ponticm  of  several  Places  in  France,  Swk^ 

zerland,  and  Germany. 


Places. 

Latitode. 

Loogitade       £. 
from  Ferro. 

LongltndejHclslit 
£.      of  FroMb 
Pnti.     fMft. 

8|raebui|^ , , 

ASP  34' 
48    SO 
48    11 
47    54 

47  49 

48  4 
47    57 
47    47 
47    15 
47      8 

46  56 

47  3 
46    57 

48  55 

48  51 

49  1 
49      5 
49    19 
49    29 
49  .37 
49    31 
49    43 
40    52 
49    52 

49  51 

50  6 

57*60" 

48*34 

25*20 

5*39 
23*52 
41*22 
44*85 
29-02 
30*81 

0*87 
51*91 
23-69 
46*57 
19*50 
29*23 
43-24 
20*24 
12*39 
15-13 
25-86 
19-32 
32-82 
45-92. 
20*94 
39*53 
42*49 

250  25' 
24    50 

24  49 
J^4    4a 

25  30 
25      1 
25      4 
25      3 
25    11 

24  43 

25  7 
24    54 

24  48 

25  9 
25    52 
25    33 
25     13 

25  45 

26  7 
25.  36 

25  9 

26  18 

25  59 

26  19 
26     13 
26    21 

16*46" 

13*86 
7*89 
12*66 
42*33 
18*63 
29*09' 
54*79 
46-98 
18*39 
17*57 
2*54 
27*95 
26-83 
25*02 
56*90 
13*51 
51-72 
10*30 
3*78 
27*64 
52*88 
39-34 
16*40 
23*28 

21' 

to 

19 
19 
22 
20 
20 
90 
20 
18 
20 
19 
19 
20 
23 
22 
24 
23 
24 
22 
20 
25 
23 
25 
24 
25 

41-1" 
20-4 
16*9 
4*6 

08 
68 
I7*S 
15*9 
47-6 
551 
29*2 
37*2 
12*2 
37-9 
29*8 
IS-7 
55*8 
0*9 
31-5 
24:7 
36*3 
13*8 
09-5 
18*6 
53-1 
25*5 

440« 

Donon... 

3100^ 

Bressoir 

S7ft« 

Balon 

44M<k 

Bolchenberg 

485M 

Colmar 

Oberberghen)  Term    of    the 
Saursbeim      >         hue. 
Rotbtfluh 

082*9 

7204 

1399-6 

Cbasseral 

4960HI 

Bcfrne: 

1646*3 

l¥alperswyl )  Term     of    the 

Hngy >          base. 

Ijichtenberg 

1377*9 
19i7«I 
1278-5 

RasLidt 

506-4 

Seherkoie 

1659*9 

796-1 

Calmet 

2077-0 

30«-3 
2090^ 

Mont-Tonnere 

173^ 
1677*4 

IVfelibocus 

JMerstein 

Darmstadt  (Base) 

448*9 

594*9 

Frankfort,  s.  M 

V^^  tm 

The  above  table  is  published  in  the  Correspondence  Astrono^ 
mique,  Geographique^  Hydrographi^ue  et  Statistique,  of  Barcm 
von  Zachy  vol.  i.  p.  149.  The  positions  were  ascertained  by 
geographical  engineers,  of  the  Bureau  Topographique  at  Paris, 
some  of  them  nearly  20  years  ago,  but  the  results  had  not  been 
published,  before.  JBaron  von  Zach  considers  it  as  exceedingly 
correct. 

IX.  Latitude  of  the  Observatory  at  Manheim. 

Prof.  Schumacher,  at  Copenhagen,  from  a  great  number  of 
observations,  has  determined  the  latitude  of  the  Observatory  at 
Manheim  to  be  49°  29"  13*7(y'.— (See  Zach's  Corr.  Astron. 
i.  193.) 

X.  Height  of  the  Passage  over  the  Splugen. 

The  Austrian  engineers  at  present  employed  in  making  tlu» 
road  have  determined  the  height  trigonometrically,  and  f«und  it 
6393  French  feet  above  the  level  of  the  sea.  Dr.  Schouw,  one 
of  the  philosophers  at  present  travelHng  at  the  expense  of  the 
King  of  Denmark,  found  the  height,  by  a  barometncal  observa- 
tion, 6451  French  feet.  The  difference  between  these  two 
determinations  is  only  58  feet,  which,  in  the  case  of  an  isolated 
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bRmnetriefd  observation,  may  be  coosidered  very  stn^l.  For- 
ifeer^  ttie  he^ht  was  reckoned  only  6926  French  feet.  TTua  iB 
UiB  «e*ght  given  in  the  Almanack  of  Gistha. — (Ibid.  p.  197.) 

^^furtker  Observations  on  the  Double  Rainbow  seen  at  Paiilet/. 
By  Ml-,  Macome. 

(To  Dr.  Tiinmson.) 
W.KII  SIR,  PaiMhi/,  Nov.  I6,IS1E). 

The  kindness  with  which  you  gratified  me  with  a  solution  of 
suoh  difficulties  in  chemistry  as  opposed  my  attempts  to  acquire 
sontc  knowledge  of  that  fascinating  science,  induced  me  tb 
ti^uble  you  with  a  notice  of  a  singular  rainbow  1  had  lately 
witnessed,  and  in  which  the  more  refrangible  colouring  rays 
we're  distinctly  repeated — an  appearance  which  1  could  not 
account  for.  As  the  statement,  however,  was  drawn  np  without 
the  most  distant  view  towards  pubhcation,  1  perceive  it  ia  not 
sufBciently  explicit  in  detailing  the  principal  attendant  circum- 
stance— a  knowledge  of  which  may  probably  lead  to  an  explana- 
tion of  the  phenomenon.  While  viewing  a  rainbow  of  the  usual 
appearance,  a  driving  shower  from  the  south-west  was  movitig 
in  a  direction  which  would  cross  obliquely  a  line  uniting  me  with 
the  southern  limb  of  the  arch.  When  the  shower  approached 
this  line,  the  back  ground,  on  which  that  beautiful  pamting  of 
nature  was  delineated,  darkened  exceedingly,  and  exhibited  a 
quadrant,  the  mosi  brilliant  I  had  ever  beheld,  with  the  follow- 
ing number  and  arrangement  of  the  colours  :  red,  orange,  yellow, 
green,  blue,  violet,  green, blue,  and  violet.  It  was  the  arrangement 
ofthe  last  three  mentioned  colours  that  puzzled  me ;  forbad  the  order 
been  reversed,  I  shouldhave  been  disposed  to  refer  their  production 
to  a  partially  reflected  image  of  the  usual  spectrum.  But  this 
was  by  no  means  the  case,  nor  did  any  fainter  shade  of  colour- 
ing indicate  an  origin  different  from  that  of  their  less  equivocal 
neighbours.  The  encroachments  of  the  advancing  shower  left; 
me  bttle  opportunity  of  further  observation,  only  an  impression 
remained  on  my  mind  that  the  breadth  of  the  whole  spectrum 
was  not  proportional  to  what  might  have  been  expected  from 
the  great  refrangibility  ofthe  rays  which  formed  this  noveladdi- 
tioa  to  it,  I  am,  dear  Sir,  your  obedient  servant, 

A.  Macome, 


» 


XII,  On  Rain-Gauges.    By  Mr.  Holt, 


DEAR  SIR,  Cark,  Ocf.  9,  I81S. 

In  the  Transactions  ofthe  Wernerian  Natural  History  Society  for 
December,  1816,  Mr.  Kerr  laid  before  the  Society  a  model  and 
description  of  a  new  rain-gauge,  constructed  on  the  principles 
T^ich  seem  to  have  actuated  JVI,  Flaugergues  to  assert  in  the 
8Ch  volume  of  the  Bibliotheque  Universelle  (and  thence  trans- 
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lated  into  the  Annab  of  Philosanku  for  Aiigust)^  that  it  wm 
not  difficult  to  account  for  the  difference  in  the  quantities  of 
rain  that  fall  into  rain-gauges  placed  at  different  heists. 
Your  correspondent  Mr.  MeicKle,  m  the  Annab  of  Pkilosopkg^  for 
September,  objects  to  the  theory  of  Mr.  Kerr  and  M.  flaa- 
gergues  as  unphilosophical ;  and  endeavours,  by  a  mathematical 
diagram,  to  show  that,  be  the  inclination  of  the  rain  what  it  may, 
the  same  quantity  of  drops  will  be  received  by  the  rain-gauee. 
It  appears  to  me  Mr.  Meickle  has  taken  a  wrong  view  of  me 
subject.  I  shall  endeavour  to  express  my  ideas  in  as  few  words 
as  possible.  If  the  receiving  surface  of  the  rain-gauge  be  dis* 
posed  parallel  to  the  horizon,  it  may  be  readily  shown  that 
should  the  rain  fall  perpendicularly,  it  will  receive  its  due  propor- 
tion ;  but  it  may  also  be  as  readily  shown  that  if  the  rain  be 
driven  by  a  current  so  as  to  fall  in  an  angle  more  or  less  inclined 
to  the  horizon,  the  same  quantity  of  rain  can  never  enter  the 
gauge.  Should  the  rain  be  blown  in  a  direction  parallel  to  the 
horizon,  it  is  obvious  none  could  enter :  if  the  inclination  be  at 
10°,  the  quantity  received  will  be  less  than  if  the  angle  were  20®; 
much  less  than  at  30° ;  and  so  on :  so  that  the  quantity  received 
will  be  always  in  proportion  to  the  angle  of  inclination.  The 
annexed  diagram  will  illustrate 
the  subject.  Let  a,  b,  c,  d, 
represent  the  vertical  section  of 
the  common  rain-gauge ;  a  c  or 
b  d  perpendicular  to  the  hori- 
zon. If  the  rain  be  inclined  at 
45°,  as  at  e  a,  y*  c,  the  quantity 
which  can  enter  through  a  b 
will  be  as  the  rectangle  con- 
tained by  e  g,  perpendicular  to 
e  a  or  y  c,  and  the  side  a  6, 
which  rectangle  is  e(][ual  to  about  seven-tenths  of  the  square  of 
a  b.  If  the  inclination  equal  20°,  as  at  h  a,  t  k,  the  quantity 
received  will  be  as  the  rectangle  under  /  m  and  a  b;  equal  to 
about  one-third  of  the  square  of  a  ft.  If  the  inclination  be  60**, 
as  at  n  a,  op,  the  receiving  superficies  will  be  equal  to  the 
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rectangle  under  n  q.  and  a  b,  about  -  of  the  square  of  a  b.  Thus 

it  is  evident  that  in  no  inclination  can  so  great  a  quantity  of  raia 
enter  as  when  it  falls  perpendicularly. 

Perhaps  the  phenomenon  of  more  rain  being  collected  in  a 
low  confined  situation  than  in  an  exposed  high  one  may  be 
explained  thus  :  a  current  of  wind,  impinging  the  fiat  side  abed 
of  the  gauge,  would  be  glanced  round  the  edges  a  e  and  6  tf, 
and  also  over  the  top  a  b,  it  would,  therefore,  sweep  off  a  consi* 
derable  portion  of  the  falling  rain,  and  thereby  induce  a  false 
estimate  ;  the  same  cause  operating  in  a  much  less  degree  in  a 
tow  or  confined  situation  would  necessarily  occasion  the  com- 
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tnonly  observed  results.  Should  we  adopt  the  gauge  recom- 
mended by  Mr.  Kerr,  it  would  be  necessary  to  construct  a  scale 
uf  the  surface  at  every  de^ee  of  the  rain's  inclination,  as  it  will 
be  observed  that  the  maximum  of  surface  will  be  when  the  rain 
inclines  in  an  angle  of  45°,  and  the  minimum  when  either  hori- 
zontal or  vertical. 

If  the  gauge  were  shaped  Hke  a  funnel,  it  would  in  a  great 
degree  prevent  the  effect  of  height  or  exposure,  or  the  quantity 
of  lain  collected,  because  the  impinging  current  would  be  mclined 
to  the  smaller  end  of  the  cone ;  and  little,  if  any,  would  be 
disposed  to  pass  over  the  top. 

I  have  the  honour  to  be,  dear  Sir, 

Your  most  obedient  humble  ser\'ant, 
Thomas  Holt. 

XIII.   Further  Remarks  on  propeUins^  Vessels  li^  Windmill  Sails. 
By  Mr.  Bartlett. 

(To  Dr.  Thom^oa.) 
SIR,  Buckingham,  Now.  1,  1B19. 

Permit  me  to  point  out  the  following  errata  which  appear  ic  a 
note  (pp.  359,  360,  of  your  number  for  the  present  month)  to 
my  paper  On  the  Propulsion  of  Vessels  by  Means  of  Windmill 
•Sails,  which  you  did  me  the  honour  ofcopying  into  your  4»no/e. 
They  arise  from  the  incorrect  manner  in  which  the  decimals  are 
pointed  off,  viz.  4,021,248  square  feet  should  be  4021-248; 
670,208  X  32  =  21,446,656  lbs.  670-208  x  32  =21446-656; 
and  128,679,936  lbs.  128679-936;  the  three  right  hand  figures 
of  each  quantity  being  decimal  fractions. 

The  note  was  thus  erroneously  printed  in  the  work  which  you 
extracted  it  from ;  but,  as  the  product  of  those  numbers  was 
correct,  I  did  not  think  it  necessary  to  notice  the  mistake,  UQtit 
copied  into  your  pages. 

You  remark  that  the  idea  itself  "  is  not  new,"  it  having  been 
"  proposed  nearly  a  century  ago  ;  "  in  reply  to  which,  I  oeg  to 
observe,  that  it  can  certaiiuy  lay  but  little  claim  to  originality  i 
being  nothing  more  than  the  appbcsition  of  one  power  to  tine 
mechanical  impulsion  of  another;  in  other  words,  imparting 
momenta  to  the  machinery  of  steam-vessels  by  means  of  wind- 
mill sails.  But,  if  I  am  not  mistaken,  you  allude  to  the  plan  of 
Jiithop  Wilkins  for  impelling  land  carnages,  which  I  conceive, 
both  m  its  construction  and  application,  to  be  widely  different 
from  the  one  I  propose.  1  did  uot  know,  until  long  after  I  had 
submitted  my  ideas  upon  the  subject  to  the  world  in  a  separate 
treatise  (which  afterwards  appeared  in  the  Pamphleteer),  that 
such  a  suggestion  had  been  made  as  to  the  possibility  of 
moving  carriages  on  wheels  by  means  of  revolving  sails ;  and  I 
have  yet  to  learn  that  it  had  ever  been  proposed  so  to  impel, 
iJoating  bodies. 

The  idea  first  suggested  itself  to  me  upon  witnessing  the 
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cmitftmetiiOtt  of  tr  uhU  worked  by  Utetwo  powers  (i«  e.  sle&fii  and 
wind) ;  and  hud  not  the  |irefteiit  mode  «€  iMvigiitiott  by  Ae  firmer 
9otte  been  m  wid^  difihsedi  it  it  more  than  proMUe  that  it 
lieirer  would  bav6  occurred  to  me* 
I  hat^e  t^e  hoiiaar  to  be^  Sif,  yoibr  yery  obedieat  aeivant^ 

J.  M^  BAEtXETt. 

XIV.  Gahmnic  Experiment. 
(1*0  Df .  HiMiimi.) 

The  other  evening,  when  reclininc;  on  my  pillow  in  a  chamber 
where  on  all  sides  datktiess  was  distincuy  yisible,  and  while 
rubbing  my  eyes,  an  employment  by  the  by  in  which  the  hands 
of  the  indolent  are  frequently  engaged^  I  happened  accidentally 
to  thrust  my  thumb  below  the  superciliary  ridge,  at  the  same 
time  raising  the  upper  eye-lid  a  liUle,  and  was  somewhat  asto- 
nished to  perceive  a  fine  semicircle  of  Ught,  which  was  perma- 
nanent  as  long  as  I  kept  my  thumb  tn*the  above  position.  To 
ensure  success^  the  room  must  be  dark^  and  the  nail  of  the  thumb 
iiiust  be  towards  the  eye,  and  press  considerably  On  the  upper 
eye-lid  while  in  the  act  of  raising  it. 

This  luminous  appearance  I  ascribe  to  galvanic  agency,  but 
probably  it  may  be  owing  to  some  other  cause.  Howevcfr,  if  the 
experiment  is  actually  new,  and  worthy  of  notice,  you  may  insert 
it  in  your  magazine ;  if  not,  you  will  pardon  me  K)r  mentiohing 
such  a  trifle,  and  excuse  the  ignorance  and  presumption  of 

Your  most  obedient  humble  servant, 

W.  R. 

%*  Though  the  preceding  fact  is  not  new,  I  have  insetted  this 
notice  of  it  for  the  sake  of  many  readers  who  may  not  be  much 
conversant  with  physiological  investigations. — T. 

XV.  Singular  Substance  found  in  a  Coal  Ttir  Apparatus. 

By  Mr.  Garden. 

In  one  of  the  condensing  vessels  of  an  apparatus  erected  for 
the  distillation  of  coal  tar,  and  for  the  purpose  of  exposing 
various  bodies  to  the  action  of  that  substance  at  a  boiling  heat, 
there  was  found  a  considerable  quantity  of  a  concrete  matter 
which  had  distilled  ovef  with  the  volatile  oil.  The  substance  in 
the  state  in  which  I  received  it  was  mingled  with  a  portion  of 
darkly  coloured  tar  oil,  from  which  by  repose  it  subsiaed  in  the 
form  of  a  granular-like  crystalline  mass ;  when  the  oil  was  poured 
off,  and  the  remaining  portion  separated  as  much  as  possible  by 
passing  the  sohd  matter  between  several  folds  of  blotting  paper, 
it  was  digested  in  alcohol  slightly  heated ;  in  this  way  neany  the 
whole  was  dissolved.  The  solution  upon  cooKng  deposited  an 
abundance  of  crystals  of  a  tabular  shape,  still  coloured  by  a 
small  quantity  of  adhering  oily  matter ;  by  repeated  sedations  and 
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crjEtalUzatioiiE,  it  was  obtained  ia  the  form  of  brilliant  white 
scaly  crystals,  similar  to  benzoic  acid,  but  of  a  more  silvery 
liut/e. 

This  crystallized  substance  exhibited  the  following  characters: 
Its  smell  was  pecuharly  pungent  and  somewhat  aromatic,  unlike 
that  of  any  substance  with  which  1  am  acquainted. 

Fusible  at  a  temperature  of  184°,  and  completely  volatilizable 
at  that,  and  even  lower  temperatures.  ,' 

Insoluble  in  water.  Soluble  in  essential  and  in  expressed  oiU. ' 
Readily  soluble  in  alcohol,  from  which  it  was  again  separated  by  I 
the  addition  of  water. 

Fuming  nitrous  acid  assisted  by  a  gentle  heat  exerted  a  con- 
niderafale  action  upon  it,  first  changing  it  into  a  brown-coloured 
viscid  oil,  which  dissolved,  and  upon  cooling,  a  group  of  minute 
fitelliform  crystals  were  formed,  not  unlike  camphoric  acid. 

Acetic  acid,  when  gently  heated,  readily  dissolved  the  sub- 
Btance,  but  let  it  tall  again  upon  coohng. 

Alkaline  solutions  did  not  appear  to  have  any  remarkable 
action  upon  it. 

Ite  solution  in  alcohol  neither  changed  tlie  colour  of  litmus  or 
of  turmeric  paper. 

From  the  preceding  statement,  it  would  appear  that  this- 
substance  bears  a  strong  analogy  to  camphor  in  many  of  its 
characters.  Camphor  is  soluble  in  acetic  acid  both  warm  and 
cold,  and  remains  in  permanent  solution;  but  this  substance, 
when  dissolved  in  the  same  acid,  separates  from  it  in  the  form 
of  crystals,  when  the  solution  is  sufiered  to  cool. 

A  more  minute  investigation  than  that  which  I  have  yet  had 
an  opportunity  of  instituting  would  be  necessary  to  detennine 
the  true  nature  of  this  body. 

Whether  it  be  camphor  in  disguise,  or  something  else,  it 
certainly  coincides  in  some  of  its  habitudes  with  the  concrete 
essential  oils.  , 

373,  Osfari-itretl,  Ihc.  18,  1819.  A.  GaRUES.  | 

XVI.  Death  of  Dr.  Rulherford. 
On  the         of  Dec.  died  Daniel  Rutherford,  M.D.  Professor  o*" 
Botany  in  the  University  of  Edinburgh.     Dr.  Rutherford  was 
the  discoverer  of  azote,  which  was  first  described  by  him  in  his- 
Thesis  De  Aere  Mephitico,  pubhshed  in  1772, 
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Buahof  Heath,  near  Stanmore. 

Ltitilude  il'>  S7'48"  Korlh.    Longllude  Ve%t  In  tine  1'  SO-T". 

Astronomical  Observatiom. 
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s 

In  taking  the  mean  of  the  morning  obBerratJons,  that  of  the 
14th  is  rejected,  being  so  much  in  excess,  for  which  there 
was  QO  apparent  cause.  On  the  noon  of  the  21st,  the  needle 
librated  at  interrals  16,  and  in  the  eveqing  it  nuned  and  saowed. 
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lUiD|&ythe  pIuTiameter,  between  noon  the  1st  of  Novem- 
ber, add  Qoon  the  1st  of  December,  1'761  iiuA.  ITie  cjuaotitj 
tkitfelloBAe  roof  of  my  ObBervatory,  during  tke  some  period, 
1«(98  inch.  Evapwation,  betweea  noon  the  lit  of  Koi|emb«c 
«h1  bow  the  I  Bt  of  Deeanber,  1-230  iodk. 
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REMARKS* 

EUveHtkMonth.^l.  Overcast.  2.  armt,  CUroernnubu^  arrottratui.  3.  Fine. 
4.  Cloudy  !  laoarhalo.  6.  Overcaat:  lunar  halo.  6.  Grmtf,  arrocumuUu:  lunar 
halo.  7.  Cloudy:  rain.  8.  Fine:  Cimu.  9.  Fine:  asurallow  Mcen  this  morn, 
inc.  10.  Rain.  11.  Gloomy:  drizzling.  12,  13.  Cloudy.  14,  16.  Gloomy. 
16.  Rainy.  17.  Drizzling.  18,  19.  Cloudy.  20.  Fine  day:  rainy  evening. 
21.  Overcait:  windy.  22.  Fine.  23,  24.  Hoarfrost  in  the  nomings:  misty. 
25.  Foggy  day :  lunar  halo.  26.  The  roads  and  footimths  coated  with  ice :. 
cloudy:  snow  at  night.  27.  Misty:  much  rime  on  the  trees:  some  snow  early 
this  morning.  28.  Hoar  frost:  mUty:  rain  at  night.  29.  Very  moist  air:  a 
condensation  on  the  outtide  of  the  windows :  rain,  with  wind.    30.  Rain. 

RESULTS. 
Winds:  N,  1 1  NE,6|  E,  1  j    8W,5,  W,3;  NW,  14. 


Barometer:  Mean  height 

For  the  month. .••*•  89*801 

For  the  Innar  period,  ending  the  8th ••  29*837 

For  15  days,  ending  the  13th  (moon  north) 29*781 

For  13  days,  ending  the  264h  (moon  south) 29*823 

Thermometer:  Mean  height 

Forthe  month 39*81o 

For  the  lunar  period  (as  above) 44*44 

For  SO  days,  the  sun  In  Scorpio 40*61 

Hygrometer :    Mean  for  the  month ••  •.. S3 

Evaporation 1*15   inch» 

Rain .2*12 

Rain  at  Tottenham 2*00 

Stratford^  Twelfth  Months  20,  1819.  L.  HOWARD, 


Xorge  Meiear,  Totteuhimf  BUoenth  Month^  18.— At  about  10  minutes  past  Bve^ 
p.  m.  a  brilliant  meteor  appeared  in  the  west :  it  was  first  seen  descending  from 
the  zenith,  at  an  angle  of  45^,  with  a  slow  and  steady  motion  towards  the  north» 
It  showed  much  larger  than  the  planet  Venus  when  at  full,  exhibiting  a  body  of 
yellow  flame  rather  drawn  out  behind,  and  burning  quietly  without  sparks.. 
When  the  combustion  ceased,  there  remained  a  matter  fointly  luminous,  which 
gradually  became  extinct  as  it  passed  below  the  westernmost  stars  of  Ursa  Major.. 
The  twilight  was  pretty  strong  in  the  south-west  at  the  time. 

Prmternaiwral  V€g€iaHon,~-SQme  of  the  horse  chesnut  trees  on  our  green  (at 
Tottenham)  have  this  year  exhibited  a  pretty  complete  double  v^etation.  llie 
trees  in  question  are  rather  unhealthy,  and  probably  stand  In  a  bed  of  dry  gravelly 
soil ;  the  others  in  loam.  Towards  the  decline  of  the  summer,  after  having  flowered 
abundantly  and  perfected  the  fruit,  they  shed  their  leaves,  which  had  been  spoiled 
by  the  drought  and  dust.  Immediately  on  feeling  the  effect  of  the  rains  about  the 
autumnal  equinox,  they  put  forth  leaves  and  blossoms  a  vecond  time,  exhibitinr 
for  several  weeks  a  very  singular  and  pleasing  contrast  to  the  now  mature  and 
brownish  foliage  of  the  more  healthy  individuals  of  the  same  species.  The  new 
fruit  set  pretty  well  even  on  the  branches  on  which  the  old  remained,  and  was  as 
large  as  a  pea ;  when  the  premature  approach  of  winter,  shortening  the  dnration  of 
the  autumnal  season,  notwithstanding  the  protracted  summer  bad  delayed  its 
arrival,  brought  down  both  new  and  old,  with  the  foliage  remaining  on  the  respect* 
ive  trees,  together,  L.  B. 
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Article  I. 

0«  Arsenic.    By  Thomas  Thomson,  M.D.  F.R.S. 

IN  a  short  article  on  arsenic  inserted  in  vol.  xiv.  of  the  Annals 
of  Philosophy,  p.  466,  I  showed  that  the  result  of  the  most 
careful  experiments  hitherto  made  gave  tiie  composition  of  th« 
two  acids  of  arsenic  as  follows : 

Arsenious  acid 4'76  arsenic  +  1'5  oxygen 

Aisenic  acid •....  4*75  +  2-5 

or,  if  we  consider  an  atom  of  arsenic  to  weigh  9'5,  the  compo- 
aition  of  these  acids  may  be  stated  as  follows  : 

Arsenious  acid 9*5  arsenic  +  3  oxygen 

Areenic  acid 9-5  +  5 

According  to  this  last  notion,  arsenious  acid  is  a  compound  of 
1  atom  arsenic  +  3  atoms  oxygen,  and  arsenic  acid  ot  1  atom 
arsenic  +  5  atoms  oxygen,  "the  weight  of  au  atom  or  integrant 
panicle  of  arsenious  acid  will  be  12'5,  and  of  arsenic  acid,  14'3. 
This  mode  of  viewing  the  subject  has  the  advantage  of  getting 
rid  of  the  fractional  parts  of  oxygen,  which  make  their  appear- 
ance when  an  atom  of  arsenic  is  reckoned  to  weigh  4*75,  as  I 
have  done  in  the  last  edition  of  my  System  of  Chemistry,  and 
indeed,  as  has  been  hitherto  done  by  every  chemical  writer 
whose  works  I  have  had  an  opportunity  of  seemg. 

The  best  way  of  determinmg  whether  14'5  or  7'25  be  the 
number  which  represents  the  weight  of  an  integral  particle  of 
ai&enic  acid  seems  to  be  a  carefm  analysis  of  the  araeniates. 
Unfortunately  the  greater  number  of  these  salts  bem^\a&t\\i^« 
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in  water^  we  have  not  the  means  of  obtaining  them  in  regular 
crystals,  the  only  method  in  our  power  of  preventing  mechanical 
mixtures  from  being  substituted <  for  chemical  compounds. 
There  are,  however,  two  arseniates  which  can  be  procured  in 
regular  crystals  with  mreat  ease ;  namely,  arseniate  oj  potash  and 
arseniate  of  soda.  The  first  of  these  nas  been  long  known  to 
chemists  by  the  name  of  Macquer's  arsenical  salt.  But  I  have 
not  hitherto  met  with  an  accurate  account  of  the  arseniate  of 
6oda  in  chemical  books.  I  shall,  therefore,  take  the  opportunity 
of  describing  it  here.  ;    .  i-r 

I.  Arseniate  of  Soda. 

To  form  this  salt,  I  took  a  considerable  quantity  of  arsenie 
acid,  which  I  had  made  by  boiling  nitromuriatic  acid  on  arse- 
nious  acid  till  the  whole  was  dissolved,  and  then  distiUing  off  the 
nitromuriatic  acid.  Into  this  acid  I  dropped  solution  of  carbon- 
ate of  soda  till  all  effervescence  was  at  an  end,  and  till  the  liquid 
ceased  to  redden  litmus  paper.  The  mixture  was  now  evapor- 
ated to  the  requisite  consistency  on  a  sand-bath,  and  set  aside 
for  crystaUization.  But  though  the  weather  was  pecuUarly 
favourable,  not  a  single  crystsd  could  be  obtained.  The  liquid 
rendered  cudbear  paper  violet,  and  gave  other  unequivalent 
jgymptoms  of  containing  an  excess  of  alkali.  Arsenic  acid  was, 
therefore,  dropped  into  it  till  all  effervescence  ceased.  The 
liquid,  which  now  reddened  litmus  paper,  being  set  aside, 
yielded  abundance  of  crystals  of  arseniate  of  soda,  and  by 
repeated  evaporations,  I  succeeded  in  extracting  the  whole  of 
the  salt  in  tolerably  regular  crystals  to  the  vety  last  drop.  All 
the  crystals  thus  obtained  possessed  the  very  same  properties ; 
therefore,  though  the  liquid  reddened  Utmus  paper,  it  contained 
no  uncombined  arsenic  acid. 

By  dissolving  the  arseniate  of  soda  thus  formed  in  hot  water, 
9Xid  setting  it  aside  in  a  cool  place,  I  obtained  it  in  large  regular 
transparent  crystals,  consisting  of  rhomboidal  prisms,  the  faces  of 
which  were  incUned  to  each  other  at  angles  of  64°  and  116®. 
The  bases  of  these  prisms  were  rhombs,  which,  as  far  as  I  could 
cnake  out,  had  likewise  angles  of  64°  and  116°. 

These  crystals  remained  unchanged  though  exposed  to  tha 
open  air  for  a  week  in  my  laboratory  ;  but  when  I  carried  them 
into  my  library,  they  speedily  effloresced  on  the  surface,  and 
became  white  and  opaque ;  but  did  not  lose  their  form  or 
fall  to  powder  after  a  month's  exposure. 

The  taste  is  cooling,  and  bears  some  resemblance  to  carbonate 
of  soda,  but  is  not  so  strong.  It  is  very  singular  that  though 
the  hquid  from  which  these  crystals  were  deposited  reddened 
litmus ;  paper,  the  crystals  themselves  render  cudbear  paper 
strongly ;ii/rp/e,  and  even  perceptibly  affect  litmus  paper  rendered 
red  by  acetic  acid.  Now  these  effects  axe  usually  produced  tf 
idkaliae  bodies.  3 
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The  specific  gravity  of  these  crystals  is  1-759,  that  of  water 
being  reckoned  I'OOO.  Now  if  the  salt  be  a  compound  of  1  atom 
arsenic  acid,  1  atom  soda,  and  20  atoms  water,  as  we  shall  im- 
mediately find  reason  to  conclude  its  constituents  to  be,  the  mean 
specific  gravity  of  auch  a  compound  (supposing  no  condensation) 
would  be  1*078,  Hence  it  appears  that  the  22  volumes  ofwhich 
it  consists  are  condensed  into  about  two-thirds  of  their  original 
bulk. 

One  hundred  grains  of  water  at  the  temperature  of  45°  dissolve 
10' 132  gr.  of  this  salt  after  being  deprived  of  its  water  of  crys- 
tallization. Now  this  is  equivalent  to  22'268  gr.  of  the  crystal- 
lized salt.  The  specific  gravity  of  this  liquid  (containing  very 
nearly  -jirth  of  its  weight  of  the  dry  salt)  at  the  temperature  of 
60°  IS  r0903.  Now  the  specific  gravity  of  such  a  solution, 
supposing  no  condensation  to  have  taken  place,  would  have 
been  l-0ti98.  Thus  there  is  a  condensation  which  scarcely 
exceeds  two  per  cent.  The  salt  is  much  more  soluble  in  water 
of  the  temperature  of  60°,  and  when  the  temperature  amounts  to 
120°,  the  liquid  dissolves  more  than  its  own  weight  of  the  cryi- 
tallized  salt. 

This  salt  does  not  dissolve  in  alcohol;  but  when  a  crystal  of  it 
is  suspended  in  that  liquid,  its  surface  is  deprived  of  its  water  of 
crystidlization,  which  renders  it  opaque  ana  white. 

When  heated,  it  speedily  undergoes  the  watery  fusion,  ths 
water  of  crystallization  being  more  than  sufficient  to  keep  it  in 
solution  at  a  boiling  temperature.  When  .kept  for  some  time  in 
a  temperature  of  between  500°  and  600°,  it  loses  the  whole  of  its 
water  of  crystallization,  and  is  converted  into  a  white  powder. 
When  this  powder  is  exposed  to  a  red  heat,  it  undergoes  the 
i^eouB  fusion,  and  becomes  liquid  and  transparent  like  water. 
By  this  treatment  it  sustains  an  additional  loss  of  weight ;  hut 
this  loss  is  partly  at  the  expense  of  the  acid  of  the  salt,  which 
■eems  to  undergo  a  partial  decomposition  ;  for  the  salt  after  this 
treatment  is  no  longer  completely  soluble  in  water. 

The  greater  number  of  the  arseniates  are  insoluble  in  water. 
'Hence  the  arseniate  of  soda  occasions  a  precipitate  when 
dropped  into  most  of  the  earthy  or  metallic  salts.  The  following 
table  will  put  the  reader  in  possession  of  the  colour,  solubility  in 
nitric  acid,  &c.  of  the  most  remarkable  of  these  precipitates. 

•^ect produced  by- dropping  a  saturated  Solution  ofArseniate  of 
Soda  at  45°  into  various  saliiie  Solutiojts. 

1.  l^urittte  of  Barytes. — Becomes  slowly  milky,  and  a  white 
precipitate  falls.     Redissolved  by  nitric  acid. 

2.  Muriate  of  Lime.— A  white  precipitate.  Redissolved  by 
nitric  acid. 

3.  Nitrate  of  Stronlian. — A  white  precipitate,  Redissolved 
bv  nitric  acid. 
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4.  Muriate  of  Magnesia. — No  change  at  first ;  but  on  heating 
the  mixture,  a  copious  white  precipitate  fell. 

5.  Muriate  of  Alumina.\^hite   precipitates.      Redissolved 

6.  Alum.  J  by  nitric  acid. 

7.  Nitrate  of  Xecrd.*— A  white  precipitate.    Redissolved  by 
nitric  acid. 

8.  Sulphate  of  Nickel. — An  apple-green  precipitate.    Redis- 
solved by  nitric  acid. 

9.  Sulphate  of  Cobalt. — A  dirty-red  precipitate. .  Redissolved 
by  nitric  acid. 

10.  Nitrate  of  Silver. — A  flesh-red  precipitate.     Redissolved 
by  nitric  acid. 

11.  Munate  of  TitLr^A  white  precipitate.    Redissolved  by 
nitric  acid. 

12.  Pemitrate  of  Mercury.— A  white  precipitate.      Redis- 
solved by  nitric  acid. 

13.  Frgtosulphate  of  Iron. — A    greenish-white    precipitate. 
Redissolved  by  nitric  acid. 

14.  Sulphate  of  Copper. — A  bluish-green  precipitate.     Redis- 
solved by  nitric  acid. 

15.  Sulphate  of  Zinc. — A  white  precipitate.    Redissolved  by 
nitric  acid. 

16.  Sulphate  of  Manganese. — ^^A  white  precipitate.     Redis- 
solved by  sulphuric  acid. 

17.  munate  of  Indium. — No   immediate   change ;    but  on 
heating  the  liquid,  a  brown  precipitate  fell. 

18.  Sodamuriate  of  Bhodium. — No  immediate  change ;  but  on 
heating  the  liquid,  a  yellowish- white  precipitate  fell. 

19.  Nitromuriate  of  Platinum. — A   light-brown   precipitate. 
Redissolved  by  nitric  acid. 

20.  Nitromuriate  of  Gold. — No  immediate  change  ;  but  on 
heating  the  liquid,  a  yellowish-white  precipitate  fell. 

21.  Muriate  of  Antimo7iy. — A  white  precipitate.  Redissolved 
by  muriatic  acidf. 

22.  Tartar  Emetic. — No  change. 

23.  HydrosidphuretofSoda'and'Antimony.    No  change. 

It  now  only  remains  to  determine  the  composition  of  this  salt 
I  attempted  in  vain  to  determine  in  what  proportion  the  acid  and 
base  unite  by  saturating  the  acid  with  the  alkali,  or  vice  vert&f 
noting  the  quantities  of  each  employed.  I  could  not  determine 
when  I  had  reached  the  requisite  point  of  saturation,  as  the 
liquid  still  continues  to  act  upon  vegetable  colours  when  that 
point  has  been  reached.  Fortunately,  the  analytical  method  in 
the  present  case  is  attended  with  Uttle  difficulty. 

Fifty  grains  of  the  crystals,  by  cautious  exposure  to  a  heat 
slowly  raised  to  550^,  lost  27-25  gr.  of  their  weight,  which  I 
consider  as  the  water  of  crystallization  of  the  salt.  When  the 
same  weight  of  salt  is  exposed  to  a  red  heat,  it  sustains  a  loss  of 
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weight  amounting  to  29  ffr. ;  but  this  cannot  be  allowing  to  the 
loss  of  water,  for  the  residual  salt  is  no  longer  completely  soluble 
in  water.  The  most  accurate  experiments  which  I  have  been 
able  to  make  give  28*31  of  water  in  60  of  salt,  or  56*62  in  100 
of  salt. 

Fifty  grains  of  the  salt  were  dissolved  in  water,  and  precipi- 
tated by  nitrate  of  lead.  The  precipitate  being  washed,  dried, 
and  heated  to  redness,  weighed  49*8  gr.  Now  from  the  analysis 
of  arseniate  of  lead  by  Berzehus  compared  with  my  own  experi- 
ments upon  the  same  salt,  I  consider  it  as  estabUshed  that  it  is 
a  compound  of 

Arsenic  acid 7*25 

Protoxide  of  lead 14*00 

According  to  this  statement,  49*8  gr.  of  arseniate  of  lead 
contain  17  gr.  of  arsenic  acid ;  therefore,  arseniate  of  soda  must 
be  a  compound  of 

Arsenic  acid 17*00   or  34*00 

Soda 4*69  9*38 

Water 28*31        66*62 

50*00      100*00 

Now  the  weight  of  an  integrant  particle  of  soda  is  4,  and  we 
have  4*69  :  17  ::  4  :  14*5  ;  so  that  the  weight  of  acid  in  this  salt 
bears  to  that  of  the  base  the  proportion  of  14*5  to  4.  Therefore, 
if  we  consider  this  salt  as  a  compound  of  an  atom  of  acid  and  an 
atom  of  soda,  the  weight  of  an  atom  of  arsenic  acid  will  be  14*5. 

II.  Arseniate  of  Potash. 

This  salt  has  been  long  known,  but  has  never  been  accurately 
described.  It  was  first  formed  by  Macquer,  who  obtained  it  by 
distilling  in  a  retort  a  mixture  of  equal  parts  of  nitre  and  arse- 
nioos  acid.*  This  salt  usually  crystallizes  in  four-sided  rectan- 
gular prisms  terminated  by  very  short  four-sided  pyramids.  I 
nave  some  very  fine  crystals  of  it  obtained  by  spontaneous 
crystallization.  They  are  nearly  three  inches  long,  and  of  a 
proportional  thickness.  In  them  the  prisms  gradually  diminish 
la  size  till  they  terminate  in  a  point ;  so  that  the  crystals  have 
(he  appearance  of  consisting  of  enormously  long  octahedron^. 
This  salt  has  a  saUne  and  cooling  taste,  somewhat  similar  to  that 
of  nitre.  It  is  not  in  the  least  altered  by  exposure  to  the  air. 
Its  specific  gravity  is  2*638,  and  it  has  a  much  firmer  and  more 
solid  texture  than  the  crystals  of  arseniate  of  soda,  indicating 
obviously  from  its  sippearance  that  it  contains  much  less  water 
of  crystallization.  It  may  be  kept  in  a  heat  of  550®  for  a  consi- 
derable time  without  melting  or  undergoing  any  remarkable 

•  Mem,  P^r.  1764,  p.  «2S. 
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change.  The  portions  of  the  salt  next  the  vessel,  however, 
become  whiter  a  little,  and  probably  lose  part  of  their  water  of 
crystaUization,  though  the  salt  loses  no  sensible  weight.  In  a 
red  heat,  it  melts,  and  becomes  as  liquid  as  water.  In  that  state 
it  is  neariy  colourless,  having  only  a  sUght  tinge  of  yellow,  and 
sometimes  of  green,  both  of  which  shades  disappear  when  the 
salt  becomes  cool.  On  concreting,  it  cracks  in  all  directions, 
indicating  that  it  occupies  a  smaller  bulk  when  solid  than  when 
liquid.  The  congealed  salt  is  opaque,  or  only  translucent,  and 
white:  100  gr.  of  the  salt  by  this  treatment  lose  7*5  gr.  of  their 
weight.  The  salt  is  completely  soluble  in  water ;  therefore,  the 
7'6  gr.  may  be  reckoned  the  water  of  crystallization. 

Arseniate  of  potash  is  insoluble  in  alcohol :  100  parts  of 
water  at  the  temperature  of  42^  dissolve  19*047  gr.  of  tne  salt. 
The  specific  gravity  of  this  solution  (at  60°)  is  1*1134.  It  is 
much  more  somble  m  hot  than  in  cold  water.  Hence  a  saturated 
solution  in  hot  water  crystallizes  very  readily  on  cooUng. 

The  constituents  of  this  salt,  according  to  my  ana^sis  of  it^ 
pxe  as  follows : 

Arsenic  acid 65*426 

Potash 27*074 

Water 7-500 

100*000 

Now  the  weight  of  an  integrant  particle  of  potash  is  6,  and 
27*074  :  65*426  ::  6  :  14*5  very  nearly.  As  far,  therefore,  as  this 
salt  is  concerned,  the  weight  of  an  atom  of  arsenic  acid  may  be 
14*5. 

If  you  mix  together  a  solution  of  arsenic  acid  and  soda  in  the 
proportion  of  7*25  arsenic  acid  -}•  4  soda,  the  liquid  acts  Uke  an 
alkali  upon  vegetable  blues,  and  cannot  be  made  to  yield  crys-^ 
tals.  We  have,  therefore,  no  accurate  means  of  determining 
whether  the  acid  and  alkali  form  a  salt  in  these  proportions  or 
not.  The  same  observation  applies  to  a  mixture  of  7*25  arseniq 
Itcid  witli  six  parts  of  potash. 

III.  Arseniate  of  Copper, 

No  fewer  than  five  varieties  of  this  salt  all  crystallized,  but 
varying  in  the  cojour  and  shape  of  the  crystals,  have  been 
described  by  Count  Bournon,  and  analyzed  by  Chenevix.  Unfor- 
tunately the  analysis  was  made  at  a  time  (1801)  when  the 
necessity  of  minute  accuracy  was  not  so  much  felt  as  at  present. 
Hence  we  are  not  to  expect  ej^^ct  agreement  between  the  atomio 
theory  and  the  analytical  results  of  Mr.  Chenevix.  Four  of  these 
five  varieties  occur  crystallized  in  the  copper  mine  of  Huel 
Garland,  in  Cornwall.  The  fifth  variety  was  formed  artificially 
by  Mr.  Chenevix.  He  poured  arseniate  of  ammonia  into  nitrate 
pf  copper,  and  filtered  the  liquid  to  get  rid  of  a  green-coloured 
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precipitate  which  fell.  The  liquid  wae  now  concentrated  by 
evaporation,  and  a  quantity  of  alcohol  poured  into  it.  A  preci- 
pitate fell  consisting  of  rhomboidal  crystals  of  a  blue  colour. 
Chenevix  found  the  constituents  of  this  salt  as  follows  : 

^^B  Acid 14-50 

^^^B  Black  oxide  of  copper 12-83 

^^P  Water 8-82 

^^Bow  the  number  which  represents  the  weight  of  an  integrant 
particle  of  black  oxide  of  copper  is  10.  I  think,  therefore,  that 
it  ia  not  unlikely  (if  we  suppose  an  atom  of  arsenic  acid  to  weigh 
14'5)  that  this  salt  is  a  compound  of  1  atom  of  arsenic  acid 
=  14'6  +  1  atom  of  black  oxide  of  copper  =10  +  8  atoms  of 
water  =  9 ;  so  that  this  arseniate  rather  favours  the  opinion  that 
air  atom  of  arsenic  acid  weighs  i4-5. 

The  second  of  Mr.  Chenevix's  Tarieties  of  arseniate  of  copper 
occurs  in  thin  hexahedral  plates,  has  afine  emerald  green  colour, 
and  a  specific  gravity  of  2'548.  Its  constituents  were  foim4 
to  be: 

Arsenic  acid 14*50 

Black  oxide  of  copper 13-50 

Water 6-07 

This  (reckoning  the  weight  of  the  atoms  as  before)  is  a  com- 
ipound  of  1  atom  acid  +  Ij-  oxide  +  6  atoms  water,  making 

Acid 14-60 

Oxide 13-33 

Water 6-75 

The  third  and  fourth  varieties  of  Chenevix  obviously  agree  iii 
their  composition  ;  or  if  there  be  any  difference,  it  consists  ia 
the  water.  They  agree  in  colour  (green)  and  in  specific  gravity, 
viz.  4-280.  How  far  the  crystalline  forms  can  be  reconciled 
remains  still  to  be  detenninetf.  The  constituents  of  these  two 
varieties,  according  to  the  analysis  of  Chenevix,  are  as  follows; 
First  Variety.  Second  Variety. 

Acid 14-5   14-5 

Oxide 26-0   26-1 

Water 10-5   7-4 

They  obviously  consist  each  of  1  atom  of  acid  united  to  2^ 
UoniB  of  oxide ;  while  the  first  contains  9  atoms  of  water 
=s  10'125,  and  the  second,  7  atoms  water  =  7-805. 

Mr.  Chenevix's  first  vaiiety  occurs  crystallized  in  obtuse  octa- 
hedrons. Its  colour  varies  from  blue  to  green,  and  its  specific 
gravity  is  2-881.  Its  constituents,  according  to  Mr.  Chenevix's 
■lUil^is,  are  as  follows  : 

Acid 14-5 

Oxide 50-0 

Water 35-7 
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This  is  obviously  equivalent  to  1  atom  of  acid  =  14*6  +  5 
atoms  oxide  =  50+32  atoms  water  =  36. 

We  see  from  the  preceding  statement  that  the  compositicm  of . 
these  salts  is  not  inconsistent  with  the  notion  that  the  weight^of 
an  atom  of  arsenic  acid  .is  14*5;  but  a  new  analysis  of  them 
would  be  desirable.    Want  of  the  requisite  specimens  prevents 
me  from  having  it  in  my  power  to  undertake  it. 

IV.  Arseniate  of  Iron. 

There  occur  in  the  copper  mines  of  Cornwall  small  cubic 
crystals  of  a  dark-green  colour,  whieh  Mr.  Chenevix  reco^ised 
to  be  an  arseniate  of  iron  usually  contaminated  with  a  portion  of 
copper.  This  salt  (abstracting  the  impurities)  he  found  com- 
posed as  follows : 

Arsenic  acid 14*50 

Protoxide  of  iron 20*91 

Water 4*83 

Now  an  integrant  particle  of  protoxide  of  iron  weighs  4*5.  I 
conceive,  therefore,  that  the  salt  in  question  is  a  compound  of 
1  atom  arsenic  acid  =  14*5  +  5  atoms  of  protoxide  of  iron 
=  22*5  +  4  atoms  water  =  4*5.  This  salt  tnen  is  not  incon- 
sistent with  the  notion  that  an  atom  of  arsenic  acid  weighs  14*5. 

V.  Arseniate  of  Lead. 

Beautiful  specimens  of  this  salt  occur  in  Huel  Unity  mine, 
near  Redruth,  in  Cornwall.  It  has  a  wax-yellow  colour,  and  is 
crystallized  in  large  six-sided  prisms.  Mr.  Gregor,  who  analyzed 
these  crystals,  found  their  constituents  (abstracting  a  small 
quantity  of  muriate  of  lead)  as  follows  : 

Arsenic  acid. 14*5 

Protoxide  of  lead 35*7 

Now  this  is  equivalent  to  1  atom  acid  =  14*5  +  2^  atoms 
protoxide  of  lead  =  35  (for  an  atom  of  protoxide  of  lead  weighs 
14).  The  composition  of  this  salt  then  is  not  inconsistent  with 
the  notion  that  an  atom  of  arsenic  acid  weighs  14*5. 

There  is  an  arseniate  of  lead  which  precipitates  in  a  white 
powder,  when  arseniate  of  soda  is  dropped  into  nitrate  of  lead. 
This  powder  is  a  compound  of 

Arsenic  acid  . 7*25 

Protoxide  of  lead 14*00 

But  it  is  not  inconsistent  with  the  notion  that  an  atom  of 
arsenic  acid  weighs  14*5.  We  have  only  to  consider  tJie  salt  as 
a  subbinarseni2).te  or  a  compound  of  1  atom  acid  -f  2  atoms  oxide 
of  lead. 

Thus  I  have  gone  over  all  the  crystallized  arseniates  with 
wluch  I  am  acquomted,  except  the  arseniate  of  ammonia,  without 
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finding  the  composition  of  any  of  them  inconsistent  with  the 
notion  that  an  atom  of  arsenic  weighs  14*5.  I  have  not  yet 
satisfied  myself  sufficiently  respecting  the  constitution  of  the  two 
varieties  of  arseniate  of  ammonia  which  are  known  to  exist.  But 
from  the  experiments  which  I  have  made,  I  may  venture  to  say, 
that  they  will  not  be  found  to  militate  against  the  number  14*5 
as  the  equivalent  for  arsenic  acid.  Upon  the  whole  then  the 
present  state  of  our  knowledge  seems  to  make  the  choice  of  that 
number  preferable  to  7*25,  its  half,  which  I  adopted  in  the  fifth 
edition  of  my  System  of  Chemistry.  It  has  the  advantage  of  ^ 
destroying  the  fractional  parts  of  oxygen,  which,  on  the  suppo- 
sition that  7*25  is  the  weight  of  an  atom  of  arsenic,  enter  into 
the  composition  of  arsenious  and  arsenic  acid.  We  may,  there- 
fore, fix  upon  the  following  numbers  as  representing  the  weight 
and  composition  of  arsenic,  arsenious  and  arsenic  acid  : 

Arsenic,  weight  of  its  atom,  9*5. 

Arsenious  acid  composed  of  1  atom  arsenic  +  3  atoms  oxygen 

=  12*5  weight. 
Arsenic  acid  composed  of  1  atom  arsenic  +  5  atoms  oxygen  • 

=  14-5  weight. 


Article  II. 

Experiments  to  determine  the  Composition  of  different  inorganic 
Bodies  which  serve  as  a  Basis  to  the  Calculations  relative  to  the 
Theory  of  Chemical  Proportions.*     By  J.  Berzehus. 

In  a  memoir  published  several  years  ago,  I  stated  some 
experiments  by  which  I  endeavoured  to  obtain  results  sufficiently 
exact  to  serve  for  data,  by  means  of  which  the  composition  of 
various  compounds  might  be  calculated  with  more  certainty  than 
they  could  be  determined  by  analysis  itself.  As  in  these  expe- 
rioients  I  employed  methods,  such  that  the  results  depended  as 
little  as  possitle  on  the  dexterity  of  the  experimenter,  I  enter* 
tained  some  hopes  of  attaining  my  object ;  but  I  met  with  so 
many  difficulties  inseparable  from  that  enterprize  that  none  of 
my  results  could  be  considered  as  normal. 

After  six  years  of  continual  experiments  on  this  subject,  and 
after  having  acquired  much  experience  and  having  discovered 
several  improvements  in  the  analytical  methods,  I  resolved  upon 
resuming  these  researches,  which  I  consider  as  of  the  greatest 
importance.  My  object  has  been  not  to  obtain  results  which  are 
absolutely  exact,  which  I  consider  as  only  to  be  obtained  by 
accident,  but  to  approach  as  near  accuracy  as  chemical  analysis 

•  Translated  from  Afbandlingar  i  Fysik,  &c,  ▼.  379. 
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can  go,  and  to  give  an  equal  degree  of  precision  to  the  analyses 
of  the  most  important  bodies,  if  by  these  efforts  the  inevitable 
errors  in  the  results  become  proportional,  even  though  they  are 
not  absolutely  correct,  they  will  be  of  the  same  utility  to  us  as  if 
they  were  so,  because  the  mistakes  are  all  within  the  hmit  of  our 
observation,  and  as  nearly  as  possible  proportional  for  all  combi- 
nations. 

In  endeavouring  to  determine  to  what  degree  of  accuracy  it 
was  possible  to  arrive,  I  have  found  that  by  very  simple  methods 
it  was  possible  to  come  within  one-thousandth  part  of  the  weight 
employed ;  so  that  variations  in  the  results  of  experiments  made 
by  the  same  process  differ  only  from  each  other  m  the  ten-thou« 
sandth  parts ;  but  even  this  degree  of  accuracy  requires  much 
care  and  attention  in  all  the  circumstances  which  may  contribute 
to  render  the  results  inaccurate,  and  which  usually  vary  with  the 
manner  of  operating.  I  have  never  been  able,  except  accident- 
ally, to  make  the  results  coincide  beyond  the  ten-thousandth 
part,  and  indeed  very  frequently,  notwithstanding  all  my  care, 
they  have  not  agreed  perfectly  beyond  the  hundredth  part 

Some  of  the  experiments,  which  I  intend  to  relate,  were  made 
with  the  views  just  stated.  Others  are  of  an  older  date,  and 
have  been  already  related  in  the  third  volume  of  the  Annals  of 
Philosophy  by  Dr.  Tiiomson.  But  among  these  last  several  have 
been  repeated,  and  some  mistakes  in  my  original  memoir  have 
been  corrected.  I  shall  first  give  a  description  of  the  experi- 
ments in  which  I  endeavoured  to  obtain  the  greatest  possible 
precision;  I  shall  then  state  those  whose  accuracy  I  cannot  gua- 
rantee to  the  same  degree. 

Experiments  to  determine  the  exact  Composition  of  the  Bodies, 
which  in  a  great  Number  of*  Analyses  serve  as  Bases  to  the 
Calculations  of  Chemical  Proportions. 

Muriate  of  Potash  and  Muriate  of  Silver » — Of  all  the  methods 
to  determine  the  exact  quantity  in  potash  and  in  the  oxide  of 
silver,  none  seems  to  me  more  likely  to  be  exact  than  to  deter* 
mine  in  the  first  place  the  quantity  of  oxygen  in  the  oxymuriate 
of  potash,  and  afterwards  to  analyze  the  common  muriate.  By 
experiments  already  known,  it  has  been  established  that  oxymur 
riate  of  potash  exposed  to  a  red  heat  loses  ten  times  the  quantity 
of  oxygen  contained  in  the  potash  of  the  residual  muriate.  If  we 
determine  accurately  the  quantity  of  oxygen  disengaged  firom  the 
oxymuriate,  and  then  calculate,  by  the  way  just  stated,  the  quan- 
tity of  oxygen  which  the  potash  should  retain,  the  error  resulting 
will  amount  only  to  ;^th  of  thp  error  of  observation  in  the  analysis 
of  the  oxymuriate. 

It  is  long  since  I  published  an  analysis  of  the  oxymuriate  of 
potash  by  whicli  I  had  found  that  100  parts  of  that  salt  give  out 
o8'845  parts  of  oxygen ;  but  to  reach  a  greater  degree  of  preci- 
sion I  considisred  it  as  requisite  to  repeat  the  experiment,    hi 
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my  new  reseai'ches,  a  difficulty  presented  itself  which  I  was  not 
aware  of  in  my  former  ones,  and  which  laid  me  under  the  neces- 
sity of  making  in  the  first  place  a  great  number  of  experiment* 
in  order  to  find  a  method  of  operating  which  should  always  give 
the  same  results.  The  difficulty  consists  in  this,  that  just  when 
the  oxymuriate  begins  to  be  decomposed,  the  oxygen  carries 
along  with  it  a  portion  of  oxymuriate  in  the  form  of  a  white 
smoke,  and  deposits  it  in  the  tubes.  This  smoke  is  deposited^ 
so  slowly  that  when  I  passed  the  oxygen  through  a  glass  tube 
two  feet  in  length,  curved  in  diiTerent  directions,  and  drawn  out 
at  the  end  so  as  to  form  a  tube  almost  capdlary,  the  last  half  of 
the  tube  was  not  covered  with  dust ;  but  a  piece  of  glass  against 
which  I  allowed  the  jet  of  gas  to  strike  became  entirely  covered 
with  it  at  the  place  where  the  gas  struck  it.  As  the  formation  of 
this  saline  powder  seemed  to  be  merely  the  mechanical  effect  of 
the  boiling  (for  it  increased  with  this  last),  I  endeavoured  to 
avoid  boihng  by  mixing  it  with  from  six  to  ten  times  its  weight 
of  fused  muriate  of  potash.  By  this  method  I  gained  my  object, 
and  I  then  proceeded  in  the  following  manner :  Oxymuriate  of 
potash,  the  solution  of  which  was  not  at  all  rendered  muddy  by 
nitrate  of  silver,  was  reduced  to  a  fine  powder,  and  dried  in  a 
temperature  higher  than  212°,  but  not  sufficiently  so  to  soften 
the  salt.  It  was  then  put  while  hot  into  a  retort  which  contained 
muriate  of  potash  in  powder.  It  had  been  heated  to  disengage 
all  moisture,  and  its  weight  was  known.  When  the  mixture  had- 
recovered  the  temperature  of  the  atmosphere,  the  retort  was 
weighed  again.  It  was  then  shaken  to  mix  the  two  salts.  By 
means  of  a  caoutchouc  tube,  a  glass  tube  16  inches  long,  and  a 
line  in  diameter,  was  attached  to  the  retort.  Into  this  tube 
§ome  pieces  of  dry  muriate  of  lime  had  been  put.  It  was  curved 
into  a  spiral,  and  the  opening  surrounded  by  filtering  paper  to 
retain  all  the  saline  smoke  in  powder.  Care  was  taken  to  weigh 
the  tube  both  alone  and  in  cormexion  with  the  retort.  The  quan- 
tity of  oxymuriate  decomposed  varied  from  15  to  10  grammes. 
The  retort  was  heated  in  a  sand-bath  till  it  became  red  within, 
and  till  the  muriate  began  to  soften.  When  the  experiment  was 
Bniahed,  the  oxygen  gas  within  the  retort  was  changed  for  atmo- 
ipberic  air.  The  retort  was  then  weighed  along  with  the  tube, 
and  finally  the  tube  alone. 

In  all  these  experiments,  a  trace  of  sublimate  was  foimd  in  the 
beak  of  the  retort.  It  was  oxymuriate  undecomposed.  It 
weighed  in  all  0'003  gr.  The  tube  with  the  pieces  of  muriate 
of  lime  and  paper  had  increased  in  weight  from  0-0^  to  0-023  gr. 
By  subtracting  this  quantity  of  weight  from  what  the  retort  had 
lo«t,  we  obtained  the  quantity  of  oxygen  disengaged,  and  at  the 
same  time  that  of  the  muriate  of  potash  remaining  in  the  retort. 
Four  experiments  were  made  in  this  manner,  and  taking  into  the 
account  the  small  quantity  of  sublimate^  100  parts  of  the  oxyc^u- 
Mtegaye 
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In  the  first 39"  146  of  oxygen  gas 

second 39-150 

third 39-150 

fourth 39-149 

These  experiments  vary  only  in  the  ten-thousandth  parts,  and 
two  of  them  even  agree  in  them.  We  may,  therefore,  consider 
it  as  exceedingly  near  the  truth  that  100  parts  of  oxymuriate  of 
potash,  when  pure  and  dry,  give  out  39-16  parts  of  oxygen 
gas. 

To  be  able  to  make  use  of  this  result,  it  is  necessary  to  know 
the  exact  composition  of  muriate  of  potash.  I  took,  therefore, 
muriate  obtained  by  these  experiments,  in  which  the  best 
reagents  could  not  detect  the  least  excess  of  alkah,  and  I  decom- 
posed it  by  a  solution  of  crystaUized  nitrate  of  silver  :  10  grammes 
of  muriate  of  potash  gave  in  two  experiments  19*24  grammes  of 
fused  muriate  of  silver ;  but  it  was  necessary  to  know  with  the 
same  degree  of  precision  how  much  muriate  of  silver  is  obtained 
from  a  given  weight  of  silver.  Different  chemists  have  made 
experiments  on  the  subject,  but  the  results  do  not  always  agree 
with  each  other.  Those  who  have  come  nearest  the  truth  I 
consider  as  the  following.  Wenzel  found  that  100  silver  gave 
131-4  of  muriate  of  silver;  Davy,  132-5;  Bucholz,  Rose,  Marcet, 
and  Gay-Lussac,  133-3 ;  and  nnally,  in  my  former  experiments 
already  described,  I  found  from  132*7  to  132-75  ;  for  the  degree 
of  accuracy  requisite  in  experiments  which  are  to  serve  as  a  basis 
to  our  calculations,  the  difference  between  132*5  and  133-3  is 
too  much.  Even  the  difference  between  132*7  and  132*75  has 
a  very  sensible  influence  on  the  results  deduced  from  it.  It  was, 
therefore,  necessary  to  examine  if  the  results  of  my  old  experi- 
ments were  exact ;  and  in  that  case  which  of  the  two  was  nearer 
^the  truth. 

1.  I  dissolved  silver  purified  with  the  requisite  care  in  pure 
nitric  acid  in  an  inclined  phial,  and  the  liquid  was  evaporated  to 
dryness  in  the  phial  to  get  rid  of  all  excess  of  acid.  Ihe  nitrate 
of  silver  was  then  dissolved  in  water,  and  the  clear  solution  was 
poured  into  a  solution  of  sal-ammoniac.  The  precipitate  was 
xjollected  on  a  filter,  well  washed,  dried,  and  then  fused  upon  a 
watch  glass  of  a  known  weight.  A  current  of  sulphuretted 
hydrogen  gas  w^as  then  passed  through  the  filtered  hquid,  but  no 
/trace  of  silver  could  be  discovered.  Twenty  grammes  of  silver 
gave  in  this  way  26-54  grammes  of  muriate  of  silver ;  that  is  to 
say,  100  of  metal  o;ave  132*7  of  muriate.  This  experiment  can 
X)nly  err  by  a  loss,  since  any  excess  of  weight  is  impossible. 

2.  To  compare  this  result  with  that  of  an  experiment  in  which 
«o  loss  could  be  sustained,  and  in  which  consequently  the  error 
must  be  in  excess,  I  dissolved  pure  silver  in  an  inclmed  phial, 
.evaporated  the  solution  to  dryness,  redissolved  the  nitrate  in 
water,    and    added  to   it   in    the   same   phial  pure   muriatic 
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acid*  as  long  as  any  precipitate  fell.  I  immediately  evaporated 
it  to  dryness,  and  as  towards  the  end  the  two  acids  destroy  each 
other,  so  that  a  httle  nitrate  of  silver  might  be  again  formed,  I 
poured  water  on  the  dry  mass,  added  muriatic  acid,  and  evapo- 
rated the  whole  to  dryness  a  second  time.  The  phial  with  its 
contents  was  then  exposed  to  a  spirit  of  wine  lamp  till  the  muriate 
of  silver  was  entirely  melted  :  20  grammes  of  silver  treated  in 
this  manner  gave  in  two  experiments  26*556  and  26*558  grammes 
of  fused  muriate  of  silver,  equivalent  to  132*78  and  132*79  of 
muriate  from  100  of  silver. 

Though  the  acids  employed  in  these  experiments  were  as  pure 
as  they  can  be  obtained  by  the  best  known  methods  of  preparing 
them,  they  always  left  visible  traces,  when  evaporated,  on  a 
watch-glass.  But,  as  in  these  experiments,  it  had  been  neces- 
sary to  add  these  acids  in  considerable  quantities,  it  is  obvious 
that  the  small  quantity  of  foreign  matter  which  they  contained 
must  have  acted  on  the  balance,  and  rendered  the  weight  a  little 
greater  than  it  would  have  otherwise  been.  As  the  true  point 
must  lie  between  132*7  and  132*79,  I  think  we  may  adopt 
132*75  as  suflSciently  near  the  truth,  observing  always  that  the 
uncertainty  in  the  results  exists  only  in  the  ten-thousandth  parts, 
which  constitute  the  ordinary  limit  beyond  which  I  have  not 
been  able  to  carry  analytical  experiments. 

Adnodtting  that  100  of  oxymuriate  of  potash  give  39*15  of 
oxygen  ;  that  100  of  muriate  of  potash  give  192*4  of  muriate  of 
silver ;  and  that  100  of  silver  give  132*75  of  muriate  of  silver ; 
we  may  conclude  from  these  three  data  by  a  calculation  too 

simple  to  render  it  necessary  to  give  an  account  of  it  here,  the 
cdmposition  of  the  following  bodies : 

*  muriate  of  potash  is  composed  of 

Muriatic  acid 36*743   100*000 

Potash 63*257   174*882 

Potash  is  composed  of 

Potassium 83*0484   100*000 

Oxygen 16*9516   20-412 

Oxide  of  silver  is  composed  of 

Silver 93*112   100*0000 

Oxygen 6*888   7*3986 

Muriate  of  silver  is  composed  of 

Muriatic  acid  ....  19*0966   100*000 

Oxide  of  silver .  . .  80*9034   423*653 

The  capacity  of  saturation  of  muriatic  acid,  that  is  to  say,  the 

♦  This  acid  bad  been  prepared  by  saturating  water  with  muriatic  acid  ^s^ 
which  leid  patted  through  an  intermediate  vessel  to  deposit  aVV  vm^wuV^. 
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quantity  of  oxygen  which  must  exist  in  the  base  capable  of  aatn- 
rating  100  of  the  acid,  is  then  29*184,  instead  of  29*454  as  I  had 
found  it  in  my  former  experiments.  It  is  equally  evident  that 
these  data  are  su£Scient  for  calculating  the  composition  of 
muriatic  acid,  oxymuriatic  acid,  and  oxymuriate  of  potash.  But 
I  pass  by  these  calculations  in  silence  as  they  are  foreign  to  the 
object  which  I  have  in  view. 

Oxide  of  Lead. 

It  is  of  very  great  importance  to  know  accurately  the  compo- 
sition of  the  oxide  of  lead,  especially  in  consequence  of  its  great 
influence  in  the  analysis  of  organic  bodies.  Although  in  my 
former  and  numerous  experiments  on  this  oxide,  I  obtainea 
results  which  agreed  with  each  other,  I  thought  it  necessary  to 
repeat  them,  in  order,  if  possible,  to  bring  them  to  a  greater 
degree  of  precision. 

1.  Composition  of  Oxide  of  Lead  found  by  direct  Analysis, — 
Amon^  the  analytical  methods  which  depend  the  least  upon  the 
dexterity  of  the  operator,  I  conceive  that  the  following  occupies 
the  first  rank.  In  a  glass  globe  blown  in  the  middle  of  a  piece 
of  barometer  tube,  a  quantity  of  oxide  of  lead  was  introduced 
which  had  just  been  exposed  to  a  red  heat.  The  glass  ball  was 
now  heated  by  a  spirit  lamp,  and  a  current  of  hydrogen  gas^  pre- 
pared from  distilled  zinc,  and  sulphuric  or  muriatic  acid  was 
passed  through  it.  The  oxide  becomes  at  first  black,  small 
globules  of  reduced  lead  are  seen,  and  after  an  interval  of  two 
hours,  it  is  converted  into  melted  lead.  The  lamp  is  withdrawn, 
and  the  lead  is  allowed  to  cool,  while  the  hydrogen  gas  still  con- 
tinues to  pass.  If  we  weigh  in  the  first  place  the  tube  of  glass 
alone,  then  when  it  contains  the  oxide  of  lead,  and  lastly  when 
it  contains  the  reduced  lead/ the  only  possible  error  must  proceed 
from  inaccuracy  in  weighing,  provided  we  have  employed  a 
hydrogen  gas  absolutely  free  irom  sulphur. 

I  made  in  this  way  three  experiments : 

(1.)  21*9425  grammes  of  oxide  of  lead  left  20*3695  grammes 
of  metallic  lead ;  that  is  to  say,  that  100  lead  had  been  united 
with  7*7223  oxygen. 

(2.)  10*8645  gr.  of  oxide  of  lead  yielded  10*084  gr.  of  lead. 
Equivalent  to  100  lead  united  to  7*74  oxygen. 

(3.)  11*159  gr.  of  oxide  of  lead  yielded  10*359  gr.  of  lead. 
Equivalent  to  100  lead  united  to  7*7228  oxygen. 

2.  Composition  of  Oxide  of  Lead  determined  by  a  Calculation 
which  has  for  its  Basis  the  Analysis  of  'Nitrate  of  Lead. — From 
an  analytical  experiment  on  nitrate  of  lead,  100  of  the  nitrate 
yield  67*31  of  oxide  of  lead ;  but  we  know  that  nitric  acid  is 
composed  of  1  volume  of  azotic  gas  and  2i  volumes  of  oxygen 
gas,  and  that  (neglecting  the  oxygen  probably  contained  in  the 
azote)  this  acid  contains  five  times  as  much  oxygen  as  the  base 
by  which  it  is  neutralized.    If  we  determine  the  composition  of 
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the  acid  by  weight  from  the  specific  gravity  of  the  gases,  and  then 
calculate  from  the  preceding  data  the  composition  of  oxide  ot" 
lead,  we  find  that  100  lead  must  unite  to  7-744S  oxygen. 

3.  The  same  calculated  from  the  Muriate  of  Lead.—Pmed 
muriate  of  lead  was  pounded,  weighed,  and  dissolved  in  boiling 
water.  It  left  a  small  portion  of  submuriate  undissolved,  which 
was  separated,  dried,  weighed,  and  subtracted  from  the  weight 
of  the  muriate  employed.  This  precaution  is  indispensable.  I 
have  never  been  able  to  dissolve  fused  muriate  of  lead  without 
its  leaving  an  ii^oluble  residue  of  submuriate.  I  have  even  fused 
it  in  a  retort  filled  with  muriatic  acid  gas  vl-ithout  being  able  lo 
prevent  a  partial  decomposition:  100  of  muriate  of  lead  precipi- 
tated by  nitrate  of  silver  produced  10335  of  muriate  of  silver. 
Muriate  of  lead,  therefore,  is  composed  of 


^Muria 

'  A      'I 


Muriatic  acid 1974    100-000 

Oxide  of  lead 80-26   406-586 


lows  that  100  lead  combine  with  7-7316  oxygen. 
4.  The  same  calculated  from  the  Carbonate  of  Lead. — I  prepared 
the  carbonate  employed  in  these  experiments  by  precipitatmg  a 
solution  of  nitrate  of  lead  by  means  of  carbonate  of  soda  obtained 
by  the  calcination  of  tartrate  of  soda,  or  by  carbonate  of 
ammonia,  both  added  in  excess,  and  by  washing  the  precipitate 
with  pure  water.  The  carbonate  of  lead  was  strongly  dried  in  a 
heat  some  degrees  above  212°.  It  was  decomposed  in  a  glass 
retort  exactly  weighed,  and  the  gas  was  passed  through  a  tube 
filled  with  muriate  of  hme,  and  exactly  weighed.  The  carbonic 
acid  gas  disengaged  in  two  experiments  had  a  stronger  smell 
than  usual  resembling  oleum  cornucervi,  when  the  carbonate  of 
lead  had  been  precipitated  by  carbonate  of  ammonia.  This  cir- 
cumstance induced  me  to  sublime  a  portion  of  sal-ammoniac  a 
second  time  to  prepare  carbonate  of  ammonia  by  distilling  it  with 
carbonate  of  potash  ;  but  this  precaution  was  unavailing.  I  had 
the  same  odour  and  the  same  result  in  weight ;  and  we  see  from 
what  follows,  that  the  substance  which  communicated  the  odour, 
had  uo  appreciable  weight.     The  analysis  gave  ; 

li'rffcipitaled  by  car-    PrcciiiitalFd  byEar* 
bauaie  afsodn,  booale  ofammoaiBt 

Carbonic  acid 16442    16-447 

Oxide  of  lead 83-333   83*333 

Moisture  stopped  by  the  mu- 
riate of  hme 0-226   0-220 

The  results  of  these  expeiiments  vary  only  in  the  sixth  figure, 
and  may,  therefore,  be  considered  as  very  near  the  truth.  It 
follows  from  them  that  100  of  carbonic  acid  are  neutralized  by 
506'823  of  oxide  of  lead.  According  to  the  specific  gravities  of 
oxygen  and  carbonic  acid  gases,  as  determined  byAragoand 
Bio^  cfirbonic  acid  contains  72*623  per  cent,  of  oxygen.    W«, 


1 
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know  that  the  base  which  saturates  that  acid  contains  half  of 
that  quantity  of  oxygen.  The  following  is  a  comparison  of  -the 
quantity  of  oxygen  which  we  have  found  combined  with  100  o£ 
lead : 

7'7218  carbonate  of  lead. 

7*7223  reduction  by  hydrogen. 

7-7228  ditto. 

7*7316  muriate  of  lead. 

7*7400  reduction  by  hydrogen. 

7*7448  nitrate  of  lead. 

We  see  then  that  100  lead  combine  with  more  than  7*72  oxy* 
gen,  and  with  less  than  7*75.  Three  of  these  numbers  differ  only 
in  the  sixth  figure,  and  two  only  in  the  seventh.  AU  circum- 
stances considered,  I  conceive  I  may  admit  as  the  medium  of 
the  determinations  which  are  entitled  to  the  greatest  confidence 
7-726,  as  the  true  quantity  of  oxygen  which  can  unite  with  100 
lead.     On  that  supposition,  oxide  of  lead  is  composed  of 

Lead 92-829  100-000 

Oxygen 7*171    7*726 

Sulphuric  Acid. 

It  is  known  that  in  the  neutral  sulphates,  the  sulphuric  acid 
contains  three  times  as  much  oxygen  as  the  base  by  which  it  is 
neutralized.  We  have  just  determined  the  composition  of  oxide 
of  lead.  From  this  it  is  easy  to  determine  the  composition  of 
sulphuric  acid  by  observing  how  much  lead  is  yielded  by  a  given 
weight  of  sulphate  of  lead.  I  dissolved  lead  in  pure  nitric  acid 
in  a  Florence  flask,  inclined  in  such  a  manner  that  the  efferves- 
cence could  drive  nothing  out  of  the  vessel.  The  Hquid  was 
then  poured  into  a  platinum  crucible  of  a  known  weight.  Pure 
dilute  sulphuric  acid  was  mixed  with  it.  It  was  evaporated  to 
dryness,  and  the  excess  of  sulphuric  acid  was  driven  off  by 
exposing  it  to  a  red  heat.  This  experiment  appears  very  simple, 
but  it  is  of  very  difficult  execution,  in  consequence  of  the  weight 
of  the  precipitate,  which  occasions  portions  of  it  to  be  driven  out 
of  the  vessel  if  the  temperature  be  raised  a  little  above  212°.  I 
made  four  experiments,  and  employed  10  grammes  of  lead  each 
time.     They  furnished  the  following  results  : 

First 14-6380  of  sulphate  of  lead. 

Second 14-6400 

Third 14-6440 

Fourth 14-6468 

Among  these  experiments,  the  first  differs  in  the  fourth  figure; 
but  the  others  diffier  only  in  the  sixth.  I  conceive  that  I  may 
choose  the  result  of  the  third  experiment ;  that  is  to  say,  14*644, 
as  nearest  the  truth.  In  this  quantity  of  sulphate  there  i» 
10-7726  of  oxide  of  lead  and  3*8715  of  sulphuric  acid,  the 
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oxygea  of  which  ought  to  be  0-7725  +  3  x  2-3176,  and  the 
ealphur,  1-5540.     Of  consequence,  sulphuric  acid  is  composed  of 

Sulphur 40-3395    100-1)0 

Oxygen 59-8605    148-44 

Hence  it  follows  that  the  capacity  of  saturation  of  sulphuric 
acid  ought  to  be  ~^  =  19-0535. 

It  is  known  by  old  experiments  that  sulphur  in  order  to  pro- 
duce sulphurous  acid  must  combine  ^vith  two-thirds  of  the 
oxygen  which  exists  in  sulphuric  acid.  Hence  it  is  easy  to  cal- 
culate the  composition  of  sulphurous  acid.  1  thought,  however, 
that  a  veriiication  of  this  calculation  furnished  by  the  determina- 
tion of  the  specific  griivity  of  sulphurous  acid  would  not  be 
superfluous.  And  though  the  experiments  which  I  made  with 
this  view  have  not  given  the  result  which  I  expected,  I  shall 
here  give  an  account  of  them. 

If  we  suppose  that  oxygen  gas  when  it  unites  with  sulphur  to 
produce  sulphurous  acid  preserves  its  volume  just  as  when  it 
forms  carbonic  acid  gas  with  carbon,  it  is  evident  that  the  diflTer- 
ence  between  the  specific  gravity  of  sulphurous  "acid  and  oxygen 
gaa  ought  to  indicate  the  quantity  of  sulphur  contained  in  the 
former  gas.  I  prepared  sulphurous  acid  gas  in  the  following 
manner:  I  put  copper  into  a  retort,  whicn  I  then  filled  com- 
pletely with  concentrated  sulphuric  acid.  The  beak  of  the  retort 
was  then  introdnced  into  sulphuric  acid,  and  the  retort  was 
.  heated  till  the  gas  extricated  ceased  to  drive  out  sulphuric  acid. 
The  beak  of  the  retort  was  then  plunged  under  a  glass  jar  filled 
with  mercury,  and  the  disengagement  of  sulphurous  acid  gas 
was  continued.  The  glass  vessel  had  at  its  top  a  stop-cock  of 
brass,  which  could  not  be  filled  with  mercuiy,  and  in  which 
there  remained  of  consequence  u  little  atmospherical  air.  This 
portion  was  removed  by  filhng  a  sixth  part  of  the  vessel  with 
sulphurous  acid  gas,  and  then  throwing  out  this  mixture  of  gas- 
and  air.  This  operation  was  repeated  five  or  six  times  before 
the  vessel  was  finally  filled  with  sulphurous  acid  gas.  This  gas 
was  then  introduced  till  the  gas  within  the  glass  was  compressed  B 
by  a  column  of  mercuiy,  an  inch  in  height,  on  the  outside  of  the  ■ 
vessel.  I  then  adapted  to  it,  by  means  of  a  stop-cock  furnis'ied  fl 
with  a  screw,  a  Uiin  glass  matrass,  which  1  had  previously  " 
exhausted  of  air.  Ou  opening  the  stop-cock,  the  matrass  was 
filled  with  sulphurous  acid  gas,  and  care  was  taken  to  plunge  the 
glass  in  the  mercury  till  the  gas  in  the  matrass  was  somewhat 
compressed.  It  was  then  carried  to  the  place  where  it  was  to 
be  weighed.  It  was  lefl  tliere  an  hour  in  order  to  acquire  tbe 
temperature  of  the  place,  which  was  69°.  The  stop-cock  waa 
then  opened,  taking  care  not  to  touch  the  matrass  with  the  hand, 
in  order  not  to  alter  the  temperature.  The  gas  being  thus 
brought  into  equilibrium  with  the  air,  the  stop-cock  was  eWti 
I      Yql.XV.NMI.  G 
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and  the  matrass  weighed.  The  barometer  Taried  during  flite 
experiment  between  24*(j  and  24*7. 

1  continued  these  experiments  for  three  days,  making  three 
each  day.  The  weight  of  the  sulphurous  acid  varied  from  1*308 
to  1-311,  without  it  being  possible  to  ascribe  this  variation  to 
changes  in  the  pressure  of  the  atmosphere.  The  quantity  of  air 
which  the  air-pump  extracted  from  the  matrass  weighed  0*576 
to  0'578  gramme ;  but  when  the  air  was  allowed  to  enter 
through  a  tube  filled  with  muriate  of  lime,  it  always  weighed 
0*583  gramme.  At  each  experiment,  the  matrass  was  weighed 
after  being  exhausted,  to  be  sure  that  the  air-pump  had  always 
extracted  the  same  quantity  of  air.  The  stop-cock  was  examined 
each  day  by  leaving  the  exhausted  matrass  for  half  an  hour  on 
the  balance  without  its  weight  increasing  by  the  entrance  of  ail*. 

The  errors  of  observation  in  this  experiment  ought  always  to 
have  a  tendency  to  give  the  specific  gravity  of  the  gas  too  small, 
in  consequence  of  a  mixture  of  air  with  the  sulphurous  acid  gas. 
Only  a  single  circumstance  could  contribute  to  increase  the 
weight.  The  grease  upon  the  stop-cock  might  have  absorbed  a 
email  quantity  of  sulphurous  acid.  To  determine  this  point,  I 
weighed  the  stop-cock  before  and  after  each  experiment ;  b^t 
its  weight  was  not  altered.  It  is  possible  likewise  that  a  little 
sulphuric  acid  might  evaporate,  and  remain  suspended  in' the 
gas ;  but  I  always  left  the  gas  a  long  time  standing  on  the 
mercury  before  putting  it  into  the  matrass  ;  so  that  the  vapour^ 
supposing  it  to  exist,  had  all  the  time  necessary  to  be  deposited. 

if  we  admit  1*31  as  the  weight  of  the  sulphurous  acid  gas  in 
the  preceding  experiments,  58*3  :  131  ::  1*00 :  2*247.  If  in  these 
2*247  parts  of  sulphurous  acid  there  is  an  equal  volume  of  oxy- 
gen whose  weight  is  1*10359,  100  parts  of  sulphur  are  combined 
with  96*52  parts  of  oxygen  instead  of  98*954,  as  follows  from  the 
stnalysis  of  tsulphuric  acid.  This  deviation  is  too  great  to  be 
merely  an  error  of  observation.  Hitherto  all  circumstances 
£peak  in  favour  of  the  results  drawn  from  the  analysis  of  sulphuric 
acid,  which  agree  so  well  with  the  experiments  on  the  composi- 
tion of  the  sulphurets,  and  which  agree  exactly  with  the  anatysee 
of  other  saline  combinations,  as  we  shall  immediately  see. 

I  have  not  been  able  to  find  the  cause  of  this  anomaly.  Some 
chemists  pretend  that  oxygen  gas,  when  it  unites  witn  sulphur, 
diminishes  in  volume.  This  diminutign  has  been  supposed  to  gO 
as  far  as  y^th.  But  whether  it  is  owing  to  a  small  quantity  of 
hydrogen  in  the  sulphur,  or  constitutes  an  exception  to  what  we 
consider  as  a  general  law,  remains  to  be  determined. 

(To  be  continued.') 
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Article  III. 

Demunst  ration  of  Dr.  Ta^/or^s  Theorem,  with  Examples. 
By  Mr.  James  Adams. 

(To  Dr.  Thomson.) 

SIR,  SlanrhoiiH,  near  Pl^oulh,  Dtc.  S9,  1810. 

8110VLD  you  consider  the  following  demonstration  of 
Hr.  Taylor's  theorem,  together  with  the  accompanying  examples, 
likely  to  benefit  the  young  algebraist,  your  inserting  them  in  the 
Amals  of'  Philosophy  will  much  oblige, 

Your  humble  servant, 

J^MEs  Adams, 

Prop.  1. — If  ^  represent  a  function  composed  of  known  and 
unknown  quantities,  then  will 

ft  =  9  +  A  p+  "'"g~"  A"  ^  +  ".-.-.-JP^J}  A'  ?!  4  &c. 
From  the  nature  of  increments 

P  = 9 

?,= f    +Af=p' 

f^=^,'  =f'    +Ap'   =f+ Ap  + A^+ A'p=p  +  2  Ap  + A'?=^" 
f^  =  p"  =(p"  +Ap"  =ft+3Af!  +  3A-p  +  A  <f  =  <p"' 
f  ^=f,"'=^'"  +  Ap"'=:f +  4  Ap^-6A"fl^-4A■'p+A^f^ 

&c 

It  is  evident  that  the  coefficients  of  p,  A  p,  A"  ip,  A^  p,  &«- 
are  the  same  as  the  coefficients  of  the  corresponding  powers  of 
a  binomial ;  and,  therefore,  each  in  general  is  represented  by 

1,  n, ^— ~i  5—3 J  &c.     Hence  the  value   of  f^  as 

stated  in  the  proposition. 

I'rop.  2.— To  Imd  the  Hth  increment  of  the  function  f. 
A   f  ^  S|  —  f 

A*f  =  p,  — *,  —  ?,+  ?!=?,  —  2ip,  +p 

A*f  =  ?3  —  Sfg  -i-fi  —  ?ij  +  2?,  — 9  =  1^3  — 3p^  +  3f|  — p 

A'((  =  ^.  —  «-p,_,  +  ■'  '"  ~  '^  ?J._,  +  --"~^-;^"~-%.-3+Ete. 
Prop.  3. — If  p  represent  n  function  composed   of  known  an^ 
itDkoowD  quantities,  then  will 

By  prop.  1,  f.  =  M  d  ^  +  -'-■---  d'  <P  +  "   ^"    ^'^^— — ^' 

(ffi  +  &c.  Now  tince  the  increments  d  f,  d'  f,  d'  f,  &c.  are 
always  considered  as  "  indefinitely  or  incomparably  small,"  let 
e  2 
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them  be  expressed  by  the  fractions  -;,  — r„  -777.   Then  by  substi- 
tuting in  the  last  equation,  we  shall  have  f.  =:p  +  nA^  =  f 

„         ».(n-l)        n(n-l)(i.-2) 
^    y'  ^      2.y"      ^  ^.S.y"'  -row.. 

By  cancelling  the  function  p  and  dividing  by  n,  we  get 

*^T^        >'^2.>"^        2.3.y"        ^  2.S.4./'"  -t-  ow;. 

Now  since  the  numerators  and  denominators  of  the  fractions 
in  the  last  equation  increase  together,  the  former  being  finite 
whole  numbers,  and  the  latter  indefinitely,  or  incomparabb/  great . 
whole  numbers ;  no  sensible  change  will  be  made  in  the  equation, 
by  supposing  each  of  the  numerators  equal  to  unity,  according 

to  which,  and  restoring  the  values  of  -;,  -77,  -^,  &c.  we  get, 

A  f>  =  d  p  +  -—2  +  _|  4-  g-j-^  +  8cc.   which  is  commonly 

called  Taylor's  theorem. 

This  theorem  is  as  universal  in  its  application  in  the  theory  of 
increments,  or  diflFercnces,  as  the  binomial  theorem  is,  in  the 
expansion  of  roots  and  powers. — (Mr.  Barlow's  Dictionary; 
Article,  Increment.) 

In  order  to  find  the  increment  of  any  function  of  a  variable 
quantity,  we  must  take  the  first,  second,  third,  8cc.  differentials 
of  the  given  function,  and  divide  the  results  by  1,  2,  2  x  3, 
2  X  3  X  4,  &c.  respectively,  and  we  shall  have  the  value  of 
A  p ;  which  will  always  be  finite  unless  the  function  be  tran- 
scendental. 

Example  1 . — To  find  the  increment  of  x. 

The  first  differential  of  x  is  dx,  and  the  second  differential  of 
X  is  zero,  because  d  xis  supposed  constant ;  therefore  Ax=z  dx. 

Example  2. — To  find  the  mcrement  of  x*. 
d  x^  =  2  xd  X,  and d  (2x  d  x)  -5-2  =  dx^=s  Ax^  (example  1) ; 
therefore  A  (jr*)  =^2xAx  +  Ax^(dx  constant). 

Example  3. — To  find  the  increment  of  x'. 
d  (x^)  =  3  a:*  d  :r  ;  d  (3  x^  d  x)  •+-  2  =  3  x  d  x«;  d  (3  x  d  x«)  -«- 
6  =  dx^ ;  therefore,  A  (x')  =  3  x«  A  x  -f-  3  x  A  x«  Hj  A  x^  (dx 
constant). 

Example  4. — To  find  the  increment  of  x*. 
d(x*)  =  m  x*~*  d  X,  d  (m  x*"*  d  x)  =  m  (m  —  1)  x*~'  d  x*, 

d  Im  (m  —  1)  x"- •  dx«)  s»  m  {m  --  1)  (wi  —  2)  x*" '  d  x^,  &c. 

By  writing  A  x  for  d  x,  and  substituting  in  the  general  theoremi 

we  have  A  (x*)  =  m  x*"*  A  x  +  "*  ^^^     x"""'  A  x^  -h 

"^"".•.V""''  --'  ^  -'  +  8CC.  id  s  constant.) 

Example  6. — To  find  the  incriBment  of  x  (x  -h  A  x). 
d  (x*  +  X  d  x)  =  2  X  d  X  +  d  x%  and  d  (2  x  d  x)  =2  d  x*,  thea 


of  Tai/hr's  Theorem,  &iC.  101 

^'snbstituting  in  the  general  theorem  and  writing  A  t  for  d  x, 
we  get  A  {j  {x  +  A  x)\  =  2  A  r  (j  +  Ax);  (d  x  constant.) 

Example  6. — To  find  theincreme'lt  of  2'(j  +  A  j-)(j  +2  At). 

In  order  to  simplify,  put  wj  =  A  t,  a  constant  quantity  ;  then 
■will  d  {x  (X  +  Ad)  {X  +  2  Ax}  =  d(x'  +  3  w  x"  +2  w*  x) 
e:3icjr«  +  6w'r  +  2  w',  d  {3  w  x^  +  6  W  x)  =  6  lo'  i  + 
6  w',  and  tf  (6  mj'  x-)  =  6w^.  Then  by  substituting  in  the  gene- 
ral theorem,  we  have  the  required  increment;  viz.  3  w  a-  + 
S  w^  X  +  Q  w"  =  3  «i  (:c  +  wi)  (j7  +  2  ?«),  by  restoring  A  x,  we 
get  A{x(x+Ax)(x  +  2  Ax)f  =  3  Ax{(x  + Ax)  (x  +  2  A  x)}. 

Example  7.— To  find  the  increment  of  x  (x  ■+  Ax)  (a.'  +  2  Ai) 
(i  +  3  A  a-). 

Put  A  X  =  10,  a  constant  quantity ;  then  will  the  above 
expression  become  x*  +  6w3^+  ll«i*x'+  G  w'  x,  then  will 
dix'  +  Gwxr'  +  Uw-'x^  +6wx)=  4w3^+iHw''x'-i-22w'x+   Qw* 

d(iwi''+\Sw'x^+22w'x)-i-2  = +  6io'x  +I8w'x+Uw* 

d(12M!*a-'  +  36w'j)-^6.  .,  = +  4w'z+  6w* 

4(24  vfx)-i-2i = +      ic' 

The  required  increment  ....  =4v)x'  +24io'j^-t-44ic*jr4-24io''= 
4w(x^  +  Gwx^  +  Uw''x+6vr')=4w{(x+w)(.x+2w){x  +  3w)\  = 

4Ax((x  +  Ax){x+2Ax)(i:+3  Ax)).     Hence   we  conclude 

that  A  {x(jii:+  Ax){x  +  2Ax)   , . . .  (a;  +  h  Ax))=(«  +  1)  A  r 

(Cx+ A  jr)(r  +  2Aj:)  ....  (x -[- h  A  j)). 

Example  9. — To  find  the  increment  of-. 

Put  w  =  dx  =  Ax,  a  constant  quantity,  then  will 
d(y  =d{x-)=  _„x-  =  _-;  d{-   w  X-)   -,-   2    = 

«•  ^"'  =  $ ;  '^  (2  w-  X-')  -i-  6  =  -  M,^  ^-'  =  -  ^  ;  &c. 

Therefore  A  (^  =  -  ^  +  -^  -  -^]  +  Sic.  =  ~ I  =  _ 


ExampleQ.— To  find  the  increment  of -!^. 

Put  ui  =  dx  =  A  x,a  constant  quantity,  then  will 
d  (^,)  =  d  (jr-)  =  -2wx-^=-^;di-2to  i— )   ^  2 
=  3  ic«  x"*  =  ^,  d  (6  70'  I-")  -!-  6  =   —  4  w'  x->  =   — 
if;  &c.     Therefore  A(-l)  =  -t^  +  ?_^_lJ!^  +  Sy.     ^ 

(.4-.)- 
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JSoEompfe  10.-— T(b  fibd  the  increment  of  ^. 

Pot  toisdxssAx,a.  cotiilamt  quantity,  then  tr^ 

&c.... 

Therefore  A  C-i-)  =  -  «  .-J^  +  2Ll2Lll^  ._^  ^  &e.  « 


JBrumpfell. — t^ofind  the  increment  of  log.  x. 

Put  wssdx  =  Ax,  9>  constant  quantity,  and  y  -^  log«.x, 
tlien 

therefcrerf^  +  ^*  +  ^'  +  |i:  +  8cc.  =  =  ^^  +  ^-^ 

+  &c. 

orA(log.^)=  — -i^  +  _-^_  +  8tc. 

Example  12. — Tofind  thein^ement^of  arlo^.  ft*. 
Put  w  =  d  X  Si  Ai:,  a  constant  quantity,  and  j/  s  x  log.  a:,  then 

dy  =  10  log.  x.  +  w;  =  «/  (log.x  +  1),  ^^  =  ^,  ^  =  — 
e**'  ^r       i« ;t3'  ISO  —       151?'  *^-     ineretore, »y  -h  -^  + 
sTs  +57sTt  +  ^'  ~ ^  <'^S-  at  +  1^  +  «;  or  A  (* l^x) 

=  Ax(lQg.x+   1)   ^  —  ^^-~^  +  --^^^S^^ 

+  &c. 

Example  13. — To  find  the  increment  of  (log.  a:)*. 
Puty  =  log.  X  =  Ix,  then  wiU  A  (Iqg.  a:)*  =  A  (y*);  hut  by 

example  4,  A  (y)  a=  w  y*—  A  y  +  '^■■'T'^y  ""'^^  +  8Cc.  by 
substituting  for  y,  we  have  A  (log.  x)*  =x  m  (/jc)*"*  A7;a5v+ 

m(m-l)(/^)-MA/x)«   _j^   ^^       ^^  ^^j^^   Of  A  /  X,    (A  /  x)', 

(A  /  xy,  &c.  may  be  expanded  into  a  series,  if  necessary^  iby 
ei^ample  11. 

Example  14. — To  find  the  incsrement  of  a'.' 
Suppose  d  X  iac  'Attf  4constaiit'^Qattfily,  andy  ss  a*. 


,     W20.]  of  Tuyhr'a  Theorem,  &ie.  lOS 

*    Then  will  log.   y  =    I  y  =   x  I  a,  andrf(/^)  =  ^-^  =  clxla. 

Therefore 

dy  =  y ,d  X . I  a 

d*  tf  =  dy  .d  X  .  I  a  =■  y  .  d  X*  (I  aY 
d'  y  =  dy  .  dx*  {ia)*  =  y  .  d  x»  {/  «)" 

d*  y  =  d  y  .  d  x^{laY  =  y  .  d  x*  (la)* 

Then  A^  =  A  (a')  =  dy  +  ^  +  ^  +  ^^  +  Sec. 
Or  A  {a')  =  y  .d  X  .1  a  +  ^-^^'^  +  li^'^  +  k^. 

If  a  =  e,  be  the  number  whose  logarithm  ia  unity,  then  /  a, 
(/  a)*,  (/  fl)»,  &«.  are  each  equal  to  unity,  we  shall  then  have 

A(0  =  c-(A:c  +  ^  +  ^  + ji^  +  &.c.)  =  e{e^'-   1). 

Example  15. — To  find  the  increment  of  sin.  x  (i-adius  unity). 

Suppose  d  X  =  A  X  =  wi,  a  constant  quantity,  and  j/  =  sin,  x. 

Then  d  y  =  d  ( sin.  z)  =  +  w  cos.  x  =  +  A  x  cos. « 
d*  y  =  d  {  w  COS.  a:)  =  —  io«  sin.  x  =■  —  A  x*  sin.  js 
d^  y  =.  d  (—  Ki»  sin.  a;)  =  —  mi"  cos,  a;  =  —  A  J."  cos.  r 
d*  y  =  d  (—  w^  COS.  a;)  =  +  W  sin.  x  =  +  A  x*  sin.  x 
d"  y  =  d  {     jc'  sin.  ;r)  =  +  if'  sin.  j;  =  +  A  x^  coa.  * 

X)  =  dj,  +  £.■  +  g  +  Jl»^  +  So. 


; — -  Sin.  j: 


-  &c. 


Therefore  Ay  =  A  (sin. 
Or  A  (sin.  x)  —  A  x  cos, 

sin.  X  +  — ^^-^—  c( 

Hxamph  16. — To  find  the  increment  of  cos.  x  (radius  unity). 
Put  w  =  d  X  =  A  x;  a  constant  quantity,  and y  =  cos.  a:. 

Then  d   y  =  d  (cos.  x) =  —to    sin.  x=  —  Ax    sin.  ar 

d*  y  »=  d{~  w    sin.  x)  =  —  W  cos.x  =  —  Ax*  cos. ar 

d^  y  =  d  (—  w*  cos.  x)  =  +  m»  sin,  a;  =  +  A  a;"  sin.  x 

d*  y  ==.  d  {      io»  sin.  a:)  =   4-  id'  cos. a:  =  +  A  a:*  cus.  x 

&c , 

Therefore  A  (cos.  x)  =  dj/  +  ^  +  ^  +  ^^  -f  8tc. 

Or  A  (cos.  x)  =  —Ax  sin,  j: —  cos.  a;  +  j— ^  sin.  x  + 

3^ cos.x -Sec. 

Example  17.— To  find  the  increment  of  tan,  x  ((adius  unity). 
Put  w  =  dx  =  Ax,  a  constant  quantity,  and y  =  tan. x. 
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Then  dy  =  w?  sec*  a: 

—?  =  to*  tan.  X  sec*  x 

-g^  =  —  (2  tan.*  X  sec*  x  +  sec*  x) 

-T  =  -IT  (tan.3  X  sec*  x  +  2  tan.  x  sec*  x) 

— ^  ==  75  (2  *'8^i^«*  ^  sec*  X  +  11  tan.«  x  sec*  x  +  2sec.*xy 

8cc ^ 

Or  by  writing  1  +  tan.*  x  for  sec*  x,  we  have 

+  A  X  sec*  X 

4-   A  X*  tan.  x  sec-  x 

+  ^  (1  +  3  tan.*  x)  sec*  x 

+  -—  (2  +  3  tan.-  x)  tan.  x  sec*  x 

+-^  (2  4-  15  tan.'  x  +  16  tan.-»  x)  sec*  x 

A  X* 

+  -jr-  (17  +  60  tan.*  x  +  45  tan.*  x)  tan.  x  sec.*  x 

8cc - 

Example  18. — To  find  the  increment  of  cot.  x  (radius  unity). 
Put  w  ^  dx  =s  A  x,di  constant  quantity^  and y  s  cot.  x. 
Then  by  a  process  similar  to  that  used  in  example  i7,  we  have 

A  (cot.  x)  =  —  A  X  cosec*  x 

+  A  X*  cot.  X  cosec*  x 

—  — ^  (1+3  cot.*  x)  cosec*  x 


s 

A*« 


(2+3  cot.*  x)  cot.  X  cosec*  x 


—  ^  (2  +  15  cot.*  X  +  16  cot.*  x)  cosec*  x 


15 

Ax« 


(17  +  60  cot.*  X  +  46  cot.*  x)  cot.  x  cosec*  x 


•      45 

8cc 

Example  19. — To  find  the  increment  of  the  sec .  x  (radius  ttni^)..     j 
By  example  17,  U 

A  (sec.  x)  as  Ax  tan.  x  sec  x  .  p 

A  X* 

+  -g-  (1  +  2  tan.*  x)  sec.  x 

A  x^ 

+  •—  (2  +  3  tan.*  x)  tan.  x  sec.  x 

+  r^  (2  +  13  tan.*  x  +  12  tan.*  x)  sec  jr 


r 
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+  ^-f-^  (28  +  87  tan.'  x  +  60  tan.<  x)  tan.  x  sec.  * 
+  ^    Y\_^  (28  +  317  tan."  a:  +  648  tan.*  x  +  360 

tan.'  x)  sec.  x 

8co 

Example  20. — Tofind  the  increment  of  cosec.j(radiuB  unity). 
By  example  17, 
A  (cosec.  x)  =  —  Ax  cot.  r  cosec,  x 

.    +  -^  (1  +  2  cot.*  x)  cosec.  X 

-  ~  (2  +  3  cot."  x)  cot.  X  cosec.  x 
+  — T  (2  +  13  cot.'  X  +  12  cot.*  x)  cosec.  r 

—  ^^^  (28  +  87  cot.*  X  +  60  cot.'  x)  cot.  x 
cosec.  X 

+  3-|-^— g(28  +  317  cot.'  X  +  648  cot.*  x  + 
360  cot."  X)  cosec.  X 
Example  21. — To  find  the  second  increment  of  log.  x. 
By  cvample  11,  A  (log.  ^)  =  ^  -  g^,  +  Tli  ~  "It*  +  ^'^• 
Where  io  =  d  x  =  A  x,a  constant  quantity ;  put  z  =  A  (/ 1) 
Then  W.11  d  =  =  -  fl  +  i^  -  iij!  +  ^  - 'J5^  +  So. 

T=   ■■'■■+   k  -  '-^  +4?-'4^+  "■'■ 
f'= -   5    +¥    -^+1^- 

£,•= '..+  i   -%■  +  ««. 

S^=  '.    -     ^+»'c. 


Therefor.  A-  (log.  ,)=_^  +  ?i^_;^+:iA£ 

_lllii!+&c. 

This  series  may  be  continued  at  pleasure,  as  the  coefficients- 
observe  the  following  law,  viz, 
2xl+3=3,3x5  +  4=19,4xL9  +  5=bl,  5x81  +  6=411,  &c. 


1821 


I 


In  finding  the  increments  of  examples  17,  18,  19,  20,  it  was 
necessary  to  use  the  differentials  of  the  powers  of  the  sines, 
cosines,  tangents,  secants,  &c.  1  beg  leave  to  insert  the  follow- 
ing table  which  1  formed  for  similar  purposes  : 
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Differential  Formula, 
d  (sin.*  x)  s=  n  cos.  x  sin.*""  *  x  dx 
il(cos.*  x)  s*  —  »  sin.  X  COS.  "*"*  x  rf  x 
J  (vers.*  x)  =  n  sin.  x  vers.*""*  x  dx 
d (covers.* x)  =  —  »  cos.  x covers.*"" * x dx 
d  (tati.*  x)  sa  n  sec.*  x  tan.*""*  x  d  x 
J  (cot.*  x)  =  —  «  cosec*  X cot.*"" ^  x.dx 
d  (sec* x)  =  w  tan.  x  .  sec*  x  dx 
d  (cosec*  x)  =  —  It  cot.  x  cosec*  x  dx 

Never  having  seen  a  general  solution  to  the  following probl^tti, 
I  have  ventured  to  ^ve  the  following,  and  will  thank  you  to 
annex  it  to  the  foregoing. 

Problem^ — To  find  the  «th  increment  of  the  log.  x. 
From  the  principles  of  increments,  we  have 
A   (log.  x)  =  log.  (  X  +  t£?)  —  log.  X 

r=  log.  (  1  +  ^j  jc  -  log.x  =  log.  (l  +  ^) 

A«  (log.  x)  =  log.  (x  +  2  w)  —  lo^.  (x  +  w)  —  log.  («  +  ti;)  + 

fcig.  a? 

SB  log^  (ic  +  2tp)  —  21og.  (x  +  w)  4-  log«« 

«kg:(i  +  i^)^2iog.{i +=) 

A»  {k)g.j:)=./(x-f  3»)  +  /(x  +  w)  -2/(a;  +  2ii;) 
—  /(x+2«i;)  +  2/(x4-w)  —  /a? 

a»  /<X  +  3  W)  —  3  i-(x  +  2  to)  +  3  /(«  +  i£?)  —  /x 

-'(•*V)-3'(i +¥)  +  "(!+ 9 

In  like  manner  may  be  found  A*  (log.  x),  A^  (log.  x),  &c. 
TThenTjy  induction  we  conclude  that 

A"(teg.x).=  ;(l  +  ^) 


to  s  A«. ' 


/(l  +  <=z£i^ 


•   ».•«'••  ••   ••••■«>'«1«^«««* 
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Example  22. — To  find  the  increment  of  the  log.  x. 
Per  theorem  A  (iog.  x)  =  log.  / 1  +  -j ;  then  per  logarithms  A 

(log.z)=log.  (l  +^)  =  =  _J^+ J^,_-^+&c. 

See  example  11. 

Example  23.^To  find  the  Becond  incremeot  of  the  log.  *. 

Per  theorem  A»  (log.  r)  =  /  (l  +  j^Jj  +  /  (l  —  ^~) 

-  &c. 

And/  (l ~\  =  l.\  - -H^  -  ^  (-!L^)*  -^(-^U 

-  8u:. 

TliereforeA.  (log.x)  =  -    J  (^)'  +  i  (j^)' +  i^(j-^)« 
+  8tc.  j 

(See  Gentleman's  Diary  for  1818.) 

The  young  algibraist  will  observe  that  the  answer  to  example 
11,  as  determined  by  Taylor's  theorem,  and  that  of  example  22, 
are  represented  by  the  same  series.  But  the  answers  to  exam- 
ples 21  and  23  are  represented  by  series  which  are  very  different 
from  each  other,  notwithstanding  both  are  correct,  and  their  law 
of  continuation  otvioua. 


^^^1 


On  Urinari/  and  oilier  Morbid  Concreliota. 
By  Wiliiam  Henry,  M.D.  F.RrS.  &c.* 


^_. analysis  of  nrinary  concretions  is  a  subject  of  chemical 

research,  which  has  already  been  investigated  with  so  much 
ability  and  success,  that  it  can  now  be  expected  to  supply  little 
more  than  a  few  scattered  facts  that  may  have  escaped  the 
industry  of  former  inquirers.  My  experiments  indeed  were  for 
the  most  part  made  more  than  12  years  ago;  and  such  of  the 
resnlts  as  nave  not  already  appeared  in  an  inauijural  dissertation 
on  the  uric  acid,  printed  in  lHOl,  were  reserved,  as  1  there  inti- 
mated, for  a  larger  work  on  stone  and  gravel,  which  at  that  time 
I  had  it  in  view  to  undertake.  This,  if  other  impediments  had 
not  occurred  to  its  execution,  is  now  completely  superseded  by 
an  excellent  "  Essay  on  the  Chemical  History  and  Medical 
Treatment  of  Urinaiy  Calcuh,"  lately  published  "by  Dr.  Marcet. 

•   Read  btrorc  the  Medical  nnri  Chinirgk-al  Sock-Iy  or  Lnndun,  March  S,VflU. 
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One  effect  of  the  delayed  fulfilment  of  my  purpose  has  been  that 
1  have  been  anticipated  by  other  writers  as  to  several  of  the  facta 
that  had  occurred  to  me.  Some  of  these,  however,  it  may  slJU 
be  proper  to  state  in  general  terms,  as  they  furnish  additional 
eviaence  on  points  that  have  been  the  subjects  of  differences  of 
opinion. 

The  urinary  concretions  from  the  bladder,  which  I  have 
examined  experimentally,  amount  in  all  to  187.  Of  these,  34 
were  extracted  by  the  late  Mr.  Ingham,  of  Newcastle-upon- 

S"  ne ;  36  by  the  late  Mr.  White,  of  Manchester ;  25  by  Mr. 
y,  of  Lee^s ;  23,  partly  by  the  late  Mr.  Gibson,  and  partly  by 
Mr.  Ainsworth,  both  of  i his  town;  and  the  remaining  70  have 
been  given  to  me  by  surgical  practitioners  in  this  place,*  and  in 
various  parts  of  the  kingdom,  with  the  obhgingview  offacihtating 
my  inquiries.  The  number  of  the  different  varieties  of  calcnh  in 
these  several  collections  is  stated  in  the  following  table,  which 
exhibits  Ihem  in  a  sort  of  natural  order,  differing  from  the 
chemical  airangement,  which  I  have  proposed  in  another  place, 
and  which  I  still  prefer  for  most  of  the  purposes  of  classificttioD. 

Table  I. 

Showing   the  Number  of  each   Variety  of  Calculus  in  teverd 
different  Collecttonf. 
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From  the  preceding  table,  I  have  calculated  the  follonii^, 
exhibiting  the  proportion  which  each  kind  of  concretion  bears  to 
the  whole  number  in  tlie  different  collections.  For  example,  in 
Mr.  Ingham's  collection,  the  calculi  consisting  chiefly  of  uric 
acid  are  to  the  whole  number  as  one  to  one  and  two-tenths ;  in 
Mr.  White's  as  one  to  one  and  eight-tenths,  Uie  second  decimal 
figure  being  omitted  throughout  as  unnecessarily  minute. 

*  Efprciall;  hy  mnl  ofthe  Mr  and  prrient  inri^nMU  iif  ihe  MmDrbrslFT  Tnflnt- 
aryi  apd  laHr.  Han>iiM«,  nor  oflW  aDrcraBi  uflhut  clurltv,  I  an  iadrblr^  M 
diiiding  Ibe  colcnli  hj  a  taw.  Hlihanl  whtcli  diviiiuB,  collecliann  oT  ariaKrj  eaar 
cretiaiN  <■■  afford  no  Mafal  laranMlloa. 
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Table  II. 

Shmoiiis  the  Proportion  of  each  Varielu  of  Culciilus  to  the  whole 
Number  in  ike  different  Collecliom. 
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C,    icn»ide 

The  greater  proportion  of  uric  aoid  calculi  in  Mr.  White's  col- 
lection than  in  that  of  Mr.  Gibson  and  Mr.  Ainsworth  may,  on 
first  view,  appear  extraordinary,  as  those  three  gentlemen  all 
practised  surgery  in  the  same  town.     It  will  be  found,  however, 
in  the  joint  collection  of  the  two  latter,  to  be  compensated  by  a 
much  greater  number  of  that  variety  of  alternating  calculus 
which  la  composed  of  uric  acid  and  the  phosphates  in  distinct 
layers.     It  may  be  remarked  also  that  the  greater  number  of 
Mr.  White's  operations  were  performed  at  a  very  remote  period 
of  time,  when  little  interruption  was  giyen  to  the  natural  progress 
of  the  disease  by  the  use  of  alkaline  medicines,  and  that  hia 
patients  were  chiefly  from  a  distance.     Of  late  years,  in  conse-      - 
(^uence  of  the  increase  of  public  hospitals  in  the  adjoining  conn-           ' 
Ues,  cases  requiiing  lithotomy  occur  comparatively  very  seldom 

mediately  surrounding  it,,  may  be   considered   as   remarkably 
unproductive  of  stone  patients,  though  cases  of  gravel  occur,  so 
far  as  I  have  the  means  of  judging,  as  frequently  as  in  other 
remote  districts.* 

la  the  collection  of  Mr.  Ingham,  of  Newcastle,  the  proportion 
of  calculi  composed  entirely  of  the  earthy  phosphates  is  un- 
usoally  small,  but  is  compensated  by  the  number  of  concretions 
in  which  the  phosphates  alternate  with  uric  acid.     On  the  whole 
indeed  there  is  a  remarkable  uniformity  in  the  compositioo  of 

«  tl  !•  a  well  ascertnined  fact,  anil  one  which  ihould  giie  eucouragnnent  to 
penoiu  tahnurini  nndcr  gravel,  Ihnt  this  ditense  occurs  very  freqnenlly  without 
deseneralingiiilnslanei  and  that  ills  even  endemic  in  dhlricta  where  the  tlone  ia 
B  very  tare  di»eLse.-(Sce  Be.erwjk  de  Galcnio,  p.  IS.     Carletoa  de  LUblati, 
p.  1 18,  and  Heberdeu  ComincDt.  p.  7H.) 
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calculi  generated  in  districts  very  remote  from  each  other — a 
fact  which  proves  that  the  causes  rendering  the  stone  endemic 
in  certain  countries  act^  not  as  was  once  imagined  in  supplying 
directly  the  material  of  which  the  concretions  are  composed^  but 
in  inducing  a  constitutional  tendency  to  the  disease. 

It  was  the  opinion  of  some  of  the  older  writers,  that  all  calcu- 
lous concretions  (with  the  exception  of  such  as  are  formed  on 
extraneous  substances  accidentally  introduced  into  the  bladder) 
do  in  fact  originate  in  the  kidneys,  and  descending  through  the 
ureters,  merely  acquire  an  increase  in  the  bladder  by  attracting 
solid  matter  n-om  the  urine.    To  thi&  opinion,  which  Femelius 
especially  has  ably  supported,*  it  has  been  objected  that  stone 
in  the  bladder  is  in  many  instances  not  preceded  by  any  pain  in 
the  region  of  the  kidneys,  or  by  the  symptoms  that  denote  the 
descent  of  a  stone  through  the  ureter .+     It  is  perfectly  conceiv- 
able, however,  that  a  small  calculus  may  find  its  way  from  the 
kidneys  to  the  bladder  without  exciting  pain  in  its  passage.  The 
opinion  of  Fernelius,  and  of  others  who  agree  with  him,  I  find 
also  to  be  confirmed  by  the  appearance  of  almost  all  the  calculi 
which  I  have  ever  examined,  after  having  been  divided  by  the 
saw  ;  for,  except  in  very  few  instances,  a  central  nucleus  may  be 
distinctly  seen,  sufficiently  ismall   to   have   descended  to   the 
blailder  through  one  of  the  ureters,  even  when  that  passage  has 
not  been  dilated  beyond  its  natural  diameter.    The  stone,  there- 
fore,  is  to  be  considered,  essentially  and  in  its  origin,    as  a 
disease  of  the  kidneys.    Its  increase  in  the  bladder  may  be  occa- 
sioned either  by  exposure  to  urine  containing  an  excess  of  the 
same  ingredient  as  that  composing  the  nucleus,  in  which  case  it 
will  be  of  uniform  composition  throughout ;  or  if  the  substance 
composing  the  nucleus  should,  either  by  a  spontaneous  change 
in  the  action  of  the  kidneys,  or  by  the  effect  of  medicines,  be 
secreted  in  less  than  natural  proportion,  the  concretion  will  then, 
like  any  other  extraneous  body  lodged  in  the  bladder,  acquire  a 
covering  of  the  earthy  phosphates. 

Under  this  view  of  the  subject,  it  becomes  highly  important 
to  ascertain  of  what  ingredient  the  nuclei  of  urinary  calculi  arie, 
for  the  most  part,  constituted,  since  it  is  in  the  tendency  of  the 
kidney  to  generate  this  ingredient  that  the  primary  cause  of  the 
disease  must  consist.  Of  the  187  calculi  which  I  have  examined, 
17  have  been  formed  round  nuclei  composed  chiefly  of  oxalate 
of  lime ;  3  round  nuclei  of  cystic  oxide;  4  round  nuclei  of  the 
earthy  phosphates ;  2  round  extraneous  substances  ;  and  in 
.three,  the  place  of  the  nucleus  is  supplied  by  a  small  cavity, 
occasioned  probably  by  the  shrinking  of  some  animal  matter, 
round  which  the  ingredients  of  the  fusible  calculus  had  been 
deposited.j:    The  remainder,  amounting  to  158,  have  a  central 

«  Ferni>lii  Opera,  p.  SIT,  folio.  +  Beverwyk  de  Calculo,  p.  69. 

X  Kail  has  shown,  by  a  iitiect  experiment,  that  pus  muy  furm  the  nucleus  uf  MB 
urinary  cuncreiion.--(See  Denys  de  Calculo  Renuw,  &c.  p.  14.) 
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nucleus  composed  chiefly  of  uric  acid.  It  appears  then  tbat  id 
a  very  great  majority  of  cases,  the  disposition  to  secrete  an 
excess  of  uric  acid  has  been  the  essential  cause  of  the  formation 
of  stone ;  and  it  becomes  important  to  inquire  what  are  the  cir- 
curastanfcs  that  contribute  to  its  excessive  production,  and  by 
what  plan  of  diet  and  medicine  the  tendency  to  its  too  great 
secretion  by  the  kidneys  may  best  be  counteracted  or  removed. 
This  inquiry,  however,  is  not  within  the  scope  of  the  present 
essay,  which  is  limited  to  the  chemical  composition  of  the  con- 
cretions when  actually  formed. 

Of  Uric  Acid  Concrelions. 
It  has  never  yet  occurred  to  me  to  examine  a  calculus  com- 
posed of  this  acid  in  a  istaLe  of  absolute  purity.  Of  the  concre- 
tions which  1  have  classed  under  this  head,  a  considerable 
number,  after  the  action  of  pure  potash,  have  left  an  insoluble 
residue  of  the  earthy  phosphates  ;  and  from  the  solution  of  those 
even,  which  have  entirely  dissolved  in  that  menstruum,  1  have 
in  no  case  been  able  to  recover  by  the  addition  of  acids,  a  quan- 
tity of  uric  acid  equivalent  to  the  weight  of  the  calculus  dissolved. 
The  utmost  that  I  have  ever  obtained  has  been  92  parts  from 
100  of  an  uric  concretion.  On  this  subject,  therefore,  my  expe- 
rience entirely  agrees  with  that  of  Mr,  Brande.*  The  loss 
doubtless  arises  from  the  decomposition  of  animal  matter  by  the 
alkali.  This,  as  I  have  stated  in  my  Thesis,  is  partly  urea, 
which  I  found  may  be  separated  by  digesting  the  powdered 
calculus  in  alcohol,  and  evaporating  the  solution. f  It  is  not, 
however,  to  urea  that  the  colour  of  uric  acid  calculi  is  to  be 
ascribed,  but  rather  to  the  other  substances  which  in  urine  gene- 
rally accompany  it ;  for  it  has  been  shoiyn  by  Professor  Berzelius 
and  by  Dr.  Prout  that  pure  urea  is  destitute  of  colour,  in  one 
instance  only  I  have  observed  a.  vesical  calculus  composed 
rfiiefly  of  uric  acid,  to  be  of  the  whiteness  of  chalk  ;  and  from 
this  the  action  of  alcohol  did  not  extract  any  portion  of  urea. 
Gelatine  1  have  never  been  able  to  discover,  oy  applying  its 
appropriate  test  to  water  which  had  been  digested  in  the  pow- 
dered calculus  ;  but  the  presence  of  albuminous  matter  appears 
to  me  to  be  indicated  by  hght  flocculi,  which  sometimes  float 
over  the  uric  acid,  when  precipitated  by  acids  from  its  solution 
in  alkali.  It  is  probable,  however,  that  the  characteristic  ingrie- 
dient  of  urinary  calculi  does  not  necessarily  require  a  cement  to 
bituj  it  together,  but  that  the  aggregative  attraction  of  its  par- 
ticles is  suflicient  to  unite  them  mto  a  compact  mass.  AH 
cuTBtive  plans,  therefore,  which  have  in  view  the  removal  of  a 
cementing  insredient  (the  mode  in  which  Haller  and  Hartley 
explained  the  action  of  alkaline  solvents)  appear  to  me  to  b« 
without  probable  grounds  of  success. 

•  Phil.  Traoi.  180^  t  Dliseit.  lanae.  l[*I,p,S9. 
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Urate  of  ammonia^  I  believe  with  Mr.  Brande^  has  been  erro-> 
neously  set  down  by  Fourcroy  and  Vauquelin  as  an  ingredient  of 
urinary  calculi.  At  least  I  nave  never  found  any  indications  of 
its  presence  in  calculi  which  had  been  previously  subjected  to 
the  successive  action  of  alcohol  and  of  acetic  acid ;  mensttuay 
which  would  remove  urea  and  the  ammoniaco-magnesian  phos* 
phate^  but  would  not^  in  the  quantities  employed,  have  separated 
urate  of  ammonia. 

Several  opportunities  have  been  thrown  in  my  way  of  examin- 
ing urinary  calcuh,  extracted  from  persons  who  had  been  long 
under  a  course  of  caustic  alkaline  lixivia.  In  one  of  these 
(No.  13  of  Mr.  Ingham's  collection)  the  outer  surface  of  the 
calculus  might,  on  hrst  view,  have  been  supposed  to  have  been 
eroded  ;  but  a  closer  examination  satisfied  me  that  the  appear* 
ance  was  owing,  not  to  the  solution  of  the  uric  acid,  of  which 
the  concretion  chiefly  consists,  but  to  an  irregular  deposit  of  the 
earthy  phosphates,  occasioned  probably  by  the  medicine.  Ano- 
ther calculus  in  the  same  collection  (m>.  15)  taken  from  a 
person  who  had  long  been  using  Perry's  solvent,  was  so  brittle, 
that  on  attempting  to  divide  it  by  the  saw,  it  separated  into  con- 
centric coats,  composed  of  uric  acid  with  a  large  proportion  of 
the  earthy  phosphates.  The  third  is  a  fusible  calculus,  now  in 
my  possession,  of  remarkable  whiteness  and  compactness,  and 
containing  no  appreciable  portion  of  uric  acid.  In  a  fourth 
instance,  a  calculus,  put  into  my  hands  by  Dr.  Brown,  of  Glas- 
gow, which  had  been  taken  from  a  person  after  so  free  an  use  of 
alkaline  medicines  as  to  have  injured  his  general  health,  con- 
sisted chiefly  of  the  triple  phosphate  of  ammonia  and  magnesia. 
It  was  so  brittle  that  it  broke  almost  into  powder  under  the 
forceps,  and  was,  therefore,  extracted  by  the  scoop.  These 
cases,  and  others  of  the  same  kind,  which  I  think  it  unnecessary 
to  mention,  tend  to  discourage  all  attempts  to  dissolve  a  stone 
supposed  to  consist  of  uric  acid,  after  it  has  attained  consider- 
able size  in  the  bladder;  all  that  can  be  effected  under  such 
circumstances  by  alkaline  medicines  appears,  as  Mr.  Brande  has 
remarked,*  to  be  the  precipitating  upon  it  a  coating  of  the 
earthy  phosphates  from  the  urine,  a  sort  of  concretion  which,  as 
has  been  observed  by  various  practical  writers,  increases  much 
more  rapidly  than  that  consisting  of  uric  acid  only.  The  same 
unfavourable  inference  may  be  drawn  also  from  the  dissections 
of  those  persons  in  whom  a  stone  has  been  supposed  to  be  dis- 
solved by  alkaline  medicines ;  for  in  these  instances  it  has  beea 
found  either  encysted  or  placed  out  of  the  reach  of  the  sound  by 
an  enlargement  of  the  prostrate  gland.  The  former  source  of 
fallacy  was  shown  to  have  existed  even  in  one  of  the  cases  which 
procured  to  Mrs.  Stevens  the  parUamentary  reward  of  6000/.  j't 

•  Philosophical  Transactions,  1808. 
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and  examples  of  the  latter  kind  have  been  related  by  Dr.  Heber- 
den  and  Sir  Everard  Home. 

Two  inBtances  have  fallen  within  my  knowledge,  in  which 
persons  have  voided  quantities  of  uric  acid  with  the  urine,  far 
exceeding  any  thing  that  1  can  find  upon  record.  In  the  first, 
which  was  mentioned  to  me  by  Professor  Monro,  of  Edinburgh, 
every  pint  of  the  urine  voided  by  a  man  about  40  years  of  age, 
who  laboured  under  symptoms  of  gravel,  deposited  about  two 
ounces  of  a  brick-coloured  sediment,  which  I  found  on  examina- 
tion to  be  chiefly  uric  acid  with  a  very  small  relative  proportion 
of  the  earthy  phosphates.  In  another  instance,  a  lady  of  middle 
age,  who  was  subject  to  gravel,  was  in  the  habit,  when  warned  of 
it»  approach  by  ths  usual  syniptoms,  of  having  recourse  to  a 
medicme,  the  composition  of  which  is  kept  secret,  but  which 
appears  to  me  to  be  nothing  nnore  than  spirit  of  turpentine 
coloured  by  a  little  petroleum,  with  the  addition  of  a  portion  of 
tinctnre  of  opium.  The  uniform  effect  of  this  medicine  was  the 
discharge  of  a  sandy  substance  in  such  quantity  that  more  than 
four  ounces  were  sometimes  voided  within  the  space  of  two  or 
three  days.  It  wascomposed  chieffy  of  uric  acid,  with  a  small 
proportion  of  urea  and  of  the  earthy  phosphates.  I  have  since 
icnown  another  instance  in  which  the  same  medicine  has  produced 
a  similar  effect,  though  not  to  an  equal  extent,  probably  by  acting 
as  a  stimulant  to  the  kidneys,  and  clearing  them  by  the  increased 
flow  of  urine  which  it  excites  of  the  sand  that  had  been  depo- 
sited in  the  tubuli  uriniferi  and  pelves  of  those  organs. 

Cakiili  composed  chiefly  of  the  Earthy  Phosphates. 
Tlje  pure  phosphate  of  lime,  or  bone  earth  calculus,  I  have  not 
been  able  to  recognize  in  any  of  the  collections  of  calcuh  which 
i  have  examined,  though  assisted  by  a  recollection  suffi- 
ciently distinct  of  one  which-  was  shown  to  me  some  years 
aoo  by  Br,  Wollaston ;  nor  have  I  ever  found  the  triple  phos- 
phate of  ammonia  and  magnesia  composing,  in  a  pure  state,  an 
entire  calculus,  though  in  Mr.  White's  collection  there  is  one 
containing  more  than  90  per  cent,  of  that  salt.  From  this  prt)- 
portion  1  have  found  it  in  a  variety  of  others,  down  to  20  and 
even  10  per  cent.  With  phosphate  of  lime,  in  proportions  which 
eeem  to  have  a  considerable  range,  it  constitutes  the  fusible 
calculus,  and  this  mixture  forms  the  principal  ingredient  of 
calculi  that  have  concreted  round  foreign  substances.  A  calculus 
in  Mr,  White's  collection,  the  nucleus  of  which  is  a  bougie  that 
baA  Blipped  into  the  bladder,  is  composed  of 


1 


I 


I 


j^mdwip] 


Phosphate  of  lime 20 

Ammoniaco-magn.  phosph 60 

Uric  acia 10 

Animal  matter 10 

Too 
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*ln  four  instances  only  out  of  187,  the  calculus  has  been  com^ 
posed  throughout  of  the  earthy  phosphates ;  and  in  these  I  havt 
not  been  able  to  discover  a  nucleus  of  any  other  substance.  I 
considerthe fact, therefore^assufficiently established, thatia  some 
instances,  though  comparatively  very  few,  a  tendency  to  secrete  the 
earthy  phosphates  in  excess  is  a  cause  of  the  formation  of  stone^ 
first  probably  in  the  kidneys,  and  subsequently  in  the  bladder. 
This  tendency  indeed,  as  is  well  known,  sometimes  manifeste 
itself  by  the  discharge  of  urinary  gravel,  consisting  of  the  triple 
phosphate  either  alone  or  in  conjunction  with  phosphate  of  lime* 
Several  years  ago,  the  Rev.  Mr.  R.  of  Cheadle,  in  Stafford* 
shire,  consulted  me  respecting  a  train  of  very  distressing  symp« 
tonis,  some  of  which  evidently  denoted  considerable  disease  m 
the  kidneys.  His  urine,  which  at  some  times  was  perfectljr 
limpid,  was  at  otliers  loaded  with  a  white  substance,  which  gare 
it,  when  first  voided,  the  opacity  of  milk.  On  standing,  a 
copious  deposit  took  place,  a  portion  of  which  was  sent  to  me 
for  examination.  It  was  perfectly  white,  and  so  impalpable  as  to 
resemble  a  chemical  precipitate.  On  analysis,  it  proved  to  con* 
ftist  of  nearly  equal  parts  of  the  triple  phosphate  and  phosphate 
of  lime.  The  discharge  of  this  powder  was  always  preceded  by 
violent  attacks  of  sickness  and  vomiting,  and  its  quantity  wai 
invariably  increased  whenever  he  took  soda  water  or  any  other 
alkaline  medicine.  Beside  the  affection  of  the  kidneys,  there 
appeared  to  me  to  exist  important  disease  of  the  chylopoietic 
viscera,  and  to  this  I  ascribe  his  death,  which  took  place  a  few 
months  afterwards.  In  this  case  it  was  remarkable  that  the 
weight  of  the  body  was  reduced  from  183  to  100  pounds  at 
rather  an  early  stage  of  the  disease,  without  a  corresponding 
degree  of  muscular  emaciation,  owing  obviously  to  the  imperfect 
nutrition  of  the  bones,  in  consequence  of  the  waste  of  the  phos* 
phate  of  lime  through  the  urinary  passages. 

Mulberry  Calculus. 

In  calculi  of  this  description  I  have  always  found,  with  ftp* 
Wollaston  and  Mr.  Brande,  an  admixture  of  other  substances 
with  the  oxalate  of  lime,  which  is  to  be  considered  as  theiv 
characteristic  ingredient.  One  of  the  best  marked  specimens  I 
have  ever  seen  of  the  rough  kind  afforded,  from  10  gr.  o'3  gr.  ef 
carbonate  of  lime,  equivalent  to  nearly  6*6  of  oxalate,  1  gr.  of 
uric  acid,  0*3  gr.  of  phosphate  of  lime,  and  a  quantity  of  dark-'  ' 
coloured  flocculi  of  animal  matter,  which  did  not  descend  along 
with  the  uric  acid,  when  the  latter  was  precipitated  from  its  alka- 
line solution.  These  flocculi  were  soluble  again  in  pure  potash, 
but  not  in  alcohol  or  in  dilute  acids.  The  colouring  ingredient 
of  this  variety  of  calculus  is  communicated  both  to  caustic  alka- 
lies and  to  concentrated  muriatic  afcid,  the  latter  of  which  becomes 
tinged,  like  a  strong  infusion  of  roasted  coffee.  On  diluting  the 
solution,  part  of  the  oxalate  of  lime  is  deposited,  but  the  colour- 
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ibg  matter  remains  dissolved.  It  is  probably  derived  originallT 
from  effused  blood,  for  the  smooth  variety  of  calculus  which  con- 
sists chiefly  of  oxalate  of  lime^  is  not  distinguished  by  this  dark 
«hade  of  colour. 

Cystic  Oxide  Calculi, 

By  means  of  Dr.  Woliaston's  clear  description  of  this  rare 
variety  of  calculus,  I  have  recognised  two  specimens  of  it  in  my 
own  collection,  but  with  the  histories  of  both  I  am  wholly  unac-- 

3uainted.  They  have  obviously  been  extracted  from  the  bladder; 
lie  one,  when  entire,  weighing  660  gr.  and  the  other  334.  la 
each,  the  nucleus  is  the  same  substance  as  the  rest  of  the  con*^ 
cretion  ;  and  in  a  third  specimen,  also  in  my  possession,  a  very 
small  spherule  of  cystic  oxide  forms  the  nucleus  of  a  moderately 
sized  calculus,  the  rest  of  which  consists  of  uric  acid.  This  oxide 
appears,  therefore,  as  Dr.  Marcet  has  properly  remarked,  to  be  in 
reality  the  production  of  the  kidneys,  and  not,  as  its  name  would 
import,  to  originate  in  the  bladder. 

Calculi f  the  Ingredients  of  which  are  disposed  in  alternate  Layers^ 

.  Of  these  I  have  little  more  to  observe  than  will  be  suggested 
by  inspecting  the  first  table;  viz.  that  calculi  composed  of  layers 
of  uric  acid  and  the  earthy  phosphates  are,  in  the  collections 
vhich  I  have  examined,  the  most  frequent  variety  of  the  alter- 
oatiDg  kind ;  next  follow  those  of  oxalate  of  lime  and  the  phos» 
phates ;  then  concretions  of  oxalate  of  lime  alternating  with  uric 
acid ;  and  lastly,  those  occur  most  seldom  in  which  the  three 
substances  just  mentioned  alternate  together.  I  have  not  met. 
with  an  instance  of  a  calculus  containing  four  ingredients  in 
distinct  layers ;  and  it  appears,  from  the  testimony  of  others^ 
that  such  examples  are  extremely  uncommon. 

Foreign  Substances  voided  in  the  Urine. 

I  have  related,  in  a  periodical  medical  journal,'*  the  case  of 
an  elderly  gentleman,  who  discharged  in  his  urine  the  larvae  o£ 
an  insect,  which,  when  first  voided,  were  alive  and  vivacious, 
and  80  far  as  oould  be  made  out  by  an  eminent  naturalist, 
bekMoged  to  some  species  of  the  coleopterous  order.  In  thi& 
case,  though  the  patient  would  not  consent  to  be  sounded,  there 
was  doubtless  a  stone  in  tlie  bladder,  and,  as  appeared  to  me, 
eztenBive  disease  of  the  bladder  itself  and  of  the  prostate  gland;; 
but  DO  examination  I  believe,  was  made  after  his  death,  which 
was  occasioned  suddenly  by  a  fit  of  apoplexy. 

I  have  lately  been  made  acquainted,  by  a  gentleman  of  middle 
age,  with  a  smgular  discharge  which  he  frequently  observes  in 
lus  urine,  of  a  considerable  number  of  short  hairs.  Besides  that 
he  is  above  all  suspicion  of  being  deceived  himself,  or  deceiving 
others,  I  have  satisfied  myself,  by  the  most  careful  investigation, 

♦  Kdin.  Med,  Journ.  vii.  141. 
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that  they  have  their  origin  from  the  inner  surface  of  the  bladder, 
or  from  some  of  the  urinary  passages.  They  are  of  yarioas 
lengths,  from  one-tenth  of  an  inch  to  an  inch,  and  now  come 
away  without  giving  him  any  uneasiness,  though  he  has  at  times 
suffered  pain  from  the  discharge  of  gravel  of  the  uric  acid  kind* 
On  one  occasion,  the  hairs  which  were  voided  had  acquired, 
before  their  discharge,  a  distinct  coating  of  uric  acid.  The 
symptoms  having  at  one  time  excited  suspicion  of  a  stricture  of 
the  urethra,  a  bougie  was  twice  introduced  without  giving  him 
pain  ;  nor  was  its  use  followed  by  any  increase  of  the  number  of 
hairs  that  were  voided,  which  might  perhaps  have  been  expected, 
if  they  had  grown  from  the  membrane  of  the  urethra.* 

Of  Morbid  Concretions  from  other  Parts  of  the  Body. 

Pulmonary  Concretions, — A  pulmonary  calculus,  expectorated 
several  years  ago  by  a  patient  of  the  late  Dr.  Ferriar,  was. 
found  to  be  chiefly  composed  of  phosphate  of  lime,  with  a  very 
minute  proportion  of  carbonate.  Sucn  also  has  been  the  com- 
position of  other  specimens,  given  to  me  by  Dr.  Baron,  of 
Gloucester ;  but  a  remarkably  large  one  in  the  possession  of 
Mr.  Ainsworth,  which  weighed,  when  entire,  51  gr.  and  exhi- 
bited a  complete  cast  of  one  of  the  bronchial  cells,  is  principally 
composed  of  the  triple  phosphate,  with  a  very  small  relative 
proportion  of  phosphate  of  linie,  and  a  mere  trace  of  carbonate* 
Some  concretions  taken  from  the  lungs  by  the  late  Mr.  Allan> 
Burns,  of  Glasgow,  have  their  earthy  part  composed  of  about. 
one-fifth  of  the  triple  phosphate,  and  four-fifths  of  phosphate  of 
lime,  with  a  minute  proportion  of  the  carbonate  ot  that  earth.. 
The  subject  from  whom  these  concretions,  were  taken  after  death,. 
I  was  informed  by  Mr.  Burns,  was  a  female  about  15  years  old, 
Tvho,  though  affected  with  violent  cough,  had  never  expectorated 
any  calculous  matter.  The  spine  in  this  case  was  so  much 
incurvated  that,  towards  the  close  of  life,  the  face  approached 
nearer  to  a  horizontal  than  to  a  perpendicular  line.  The  sub- 
stance of  the  lungs  when  grasped  was  felt  to  be  full  of  hard  knots, 
from  the  size  of  a  pea  to  that  of  a  hazel  nut ;  and  a  concretion, 
about  the  size  of  a  large  musket-ball,  was  found  firmly  impacted, 
in  the  left  branch  of  the  trachea,  near  to  its  origin.     By  a  care- 

*  When  examined  chemically  these  fibres  do  not  appear  to  differ  from  commoo' 
hair;  but  it  has  been  observed  by  Dr.  Wollaston,  that  they  differ  in  some  respect^^ 
in  their  mechanical  texture,  since  they  have  not  that  slight  roughness  in  one  direc- 
tion of  the  surface  on  which  the  felling  property  of  common  hair  of  every  kind 
depend^.  This  property  of  hair  is  most  distinctly  shown  by  pressing  it  betweei^ 
the  iinger$i,  and  at  the  same' time  sliding  the  fingers  upon  each  other  In  the  direction 
of  the  hair,  which  will  by  this  motion  be  seen  to  travel  forward  with  its  root  fore* 
«iost.  The  finger  which  moves  from  the  root  slides  freely  along  the  hair,  while 
the  other  finger  is  prevented  from  sliding  in  the  opposite  direction  by  a  degree  of 
ronghness  (which  is  thus  sensible  though  not  in  any  way  visible)  but  in  its  torn  tbi»' 
finger  aleo  will  move  from  the  root  while  the  hair  now  rests  against  (heoppotiit 
fiotrer.  It  has  also  been  remarked  by  Dr.  Wollaston,  that  common  hairt  are  Bot 
really  tubular,  as  has  often  been  asserted,  but  that  these  fibres  really  are  so. 
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ful  examination  of  the  concretions  in  the  substance  of  the  lungs^ 
Mr.  Bums  ascertained  that  each  was  lodged  in  a  bronchial  cell^ 
and  was  enveloped  in  a  distinct  capsule,  which  admitted  of 
being  readily  separated  from  the  membrane  of  the  air  cell. 
Indeed  in  all  concretions  discovered  in  the  soft  parts  of  tlie  body^ 
Mr.  Bums  informed  me  that  he  has  uniformly  found  a  peculiar 
substance  containing  the  solid  substance,  and  over  this  another 
sheath  of  dense  membrane.  The  inner  covering  he  supposed  to- 
belong  essentially  to  the  concretion,  and  the  outer  one  to  be 
formed  in  consequence  of  the  irritation  caused  by  the  presence 
of  an  extraneous  body. 

Calculi  from  the  Spleen, — For  the  opportunity  of  examining 
these,  I  was  indebted  to  the  same  zealous  and  able  anatomist. 
They  were  of  small  size,  shaped  like  a  pear,  of  a 'yellowish- white 
colour,  and  were  composed  of  bone  earth,  without  any  portion 
of  the  triple  phosphate. 

Small  Crystals  formed  on  the  Surface  of  a  cancerous  Prepara^ 
tioHy  kept  in  Spirit  of  Turpentine, — These  also  I  received  from 
Mr.  Burns ;  and  though  not  strictly  belonging  to  the  class  of 
morbid  concretions,  1  mention  them  here  on  account  of  their 
singular  composition.  They  are  in  very  minute  parallelopipe- 
dons,  are  fusible  when  placed  on  a  piece  of  iron  neated  below 
redness,  and  evaporate  m  an  aromatic  smoke.  They  are  very 
sparingly  soluble  in  water,  but  more  so  in  alcohol ;  and  the  latter 
solution,  when  concentrated,  reddens  litmus  paper.  They  agree^ 
therefore,  in  their  properties  with  the  campnoric  acid,  and  fur- 
nish an  instance  of  the  production  of  that  acid  under  circum- 
stances not  before  observed.  Whether  they  had  passed  through 
the  intermediate  state  of  camphor,  which,  by  well  known, 
treatment,  may  be  obtained  from  spirit  of  turpentine,  it  is  now 
impossible  to  ascertain.  Mr.  Burns,  however,  assured  me  that 
,they  may  not  unfrequently  be  seen  on  preparations  kept  in  that 
fluid ;  but  never,  except  when  the  parts  have  been  imperfectly 
dried  before  being  immersed  in  it.  It  is  probable,  therefore, 
that  they  may  be  found  under  similar  circumstances  in  other 
anatomical  collections. 

Haachesier^  Dec,  16, 181S. 


Article  V. 

Memoir  on  Sulphuric  Ether J^    By  John  Dalton. 

In  my  essay  on  the  force  of  steam,  read  before  the  Society  ia 
1801,  and  published  in  the  fifth  volume  of  the  Memoirs,  I  stated 
Home  experiments  on  the  force  of  vapour  from  sulphuric  etheri^ 

•  Rftd  before  the  Literary  Socieiy  at  Manchester^  A.pnV\^)  \%V^» 
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at  different  temperatures,  as  exhibited  in  a  Torricellian  vacuuiUi 
also  the  force  of  the  same  when  admitted  into  a  limited  portion 
of  air.  From  these  experiments,  as  well  as  from  corresponding 
ones  made  with  water,  alcohol,  and  other  fluids,  I  was  led  to 
adopt  the  important  conclusion,  that  steam  acquires  the  same 
force  in  air  as  in  a  vacuum,  and  that  it  ought  to  be  considered 
the  same  independent  fluid  in  both  cases.  Consequently  if  p 
denote  the  pressure  of  any  given  volume  of  air  (1),  andy  denote 
the  pressure  of  steam  of  a  given  temperature,  such  steam  being 
admitted  to  the  air,  the  volume  of  both  in  due  time  becomes 
p 

This  theorem  is  most  beautifully  illustrated  by  sulphuric 
«ther.  Let  a  common  barometer  have  a  drop  of  ether  let  up  into 
the  vacuum ;  it  will  instantly  depress  the  mercuiy  several 
inches,  more  or  less  according  to  the  temperature.     Suppose  it 

^eve  10  inches,  the  barometer  being 30  ;  then— ^-r.  =  1*5;  that 

is,  if  ether  be  passed  up  into  air  under  those  circumstances,  it 
will  in  due  time  increase  the  volume  of  air  50  per  cent. 

For  six  years  after  this  I  was  occasionally  engaged  in  the  fur- 
ther investigation  of  the  nature  and  properties  ot  ether,  in  which 
several  additional  facts,  and  some  corrections  of  those  antece- 
dently announced,  occurred.  The  combustion  of  ether  was 
effected  in  various  ways,  as  well  as  its  analysis,  by  heat  and  by 
electricity. 

During  all  this  time  I  procured  my  ether  in  small  quantities  at 
a  time,  and  of  various  druggists,  as  suited  my  convenience. 
Once  or  twice  I  ascertained  the  specific  gravity  of  the  article  to 
be  at  or  near  0*75 ;  and  I  never  found  reason  to  -suspect  thert 
was  much  difference  in  the  specimens.  Occasionally  whea 
great  part  of  the  ether  was  evaporated  by  time  and  neglect,  I 
found  a  few  drops  at  the  bottom  of  the  phial,  which  did  not 
possess  the  properties  of  ether,  but  this  was  too  small  to  be  mucb 
regarded.  In  an  excursion  to  Edinburgh  and  Glasgow  in  1807, 
I  exhibited  the  steam  of  ether,  as  above  described,  to  a  few 
persons  in  those  two  places  ;  when  at  the  latter  place.  Dr.  Ure 
was  so  good  as  to  supply  me  with  ether,  but  upon  trial  it  did  not 
present  the  properties  1  had  usually  recognized,  which  at  the 
time  I  attributed  to  accidental  impurities,  acquired  in  the  labo- 
ratory ;  upon  this  he  accompanied  me  to  a  druggist,  where  I 
was  immediately  supphed  witn  ether  of  the  requisite  purity.  I 
apprehend  Dr.  Ure's  ether  must  have  been  the  spiritus  aiheris 
sulphurici  of  the  Edinburgh  college,  made  by  adding  two  parts 
alcohol  to  one  of  ether ;  or  perhaps  ether  not  rectified. 

In  1808  I  published  the  first  part  of  my  New  System  of  CSi&* 
mical  Philosophy,  in  which  I  digested  all  the  knowledge  I  tiiea 
had  on  the  force  o£  steam  from  ether  in  a  iabolar  form.  I  had 
acquired  from  actual  observation  the  forces  in  a  lange  of  tem^ 
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perature  frdm  0^  to  212®.  In  my  former  publication  I  h^A 
concluded  that  the  variations  in  the  force  of  steam  from  water 
and  ether  were  the  same  for  the  same  intervals  of  temperature ; 
tiiat  iSy  if  the  force  of  steam  from  water  was  diminished  from  30- 
ie  15  inches  of  mercury,  by  a  diminution  of  temperature  of  30^ ; 
then  that  of  ether  would  be  diminished  from  30  to  15  inches  by 
tlie  same  number  of  degrees,  though  in  a  much  lower  part  of  the 
tcale;  the  fonner  being  from  212^  to  182°,  and  the  latter  from 
98^  to  68°.  Subsequent  experience,  however,  led  me  to  appre- 
hend that  the  above  intervals  of  temperature,  though  expressed 
by  equal  expansions  of  mercury,  are  not  in  reality  equal  intervals  j 
Imt  that  equal  intervals  are  rather  denoted  by  the  forces  of  steam 
being  in  geometrical  progression.  Consistent  with  this  view  I 
feund  tl  ^t  steam  from  water  and  ether  would  concur,  for  a  long 
lange  ot  temperature,  with  the  difference  of  ratios  only  ;  that  of 
-water  being  1*321  for  10®  of  temperature,  whilst  that  of  ether  was 
1-2278. 

In  the  above  work  occurs  the  following  observation :  "  Ether, 
as  manufactured  in  the  large  way,  appears  to  be  a  very  homoge- 
neous liquid.  I  have  purchased  it  in  London,  Ldinburgh, 
Glasgow,  and  Manchester,  at  very  different  times,  of  precisely 
the  ^sarne  quality  in  respect  to  its  vapour."  This  observation, 
though  warranted  from  my  hmited  experience  at  the  time,  I 
now  find  not  altogether  correct ;  I  am  sori^  that  it  has  occa- 
sioned an  ingenious  experimentalist  to  be  led  into  a  labyrinth  of 
error. 

The  bulk  of  the  ether  used  in  this  country  has  I  find  of  late 
years  been  prepared  by  one  manufacturing  house  in  the  neigh- 
bourhood ot  London.  Three  qualities  of  the  article  are  made 
according  to  the  different  uses  intehded.  The  highest  quality  is 
only  inade  for  particular  purposes,  and  is,  therefore,  not  very 
commonly  met  with;  it  is  about  0*73  specific  gravity;  the 
second  quaUty  is  that  intended  for  medicine  ;  it  is  of  0*75  speci- 
fic gravity,  and  is  that  with  which  all  the  country  druggists  and 
apothecaries  are  or  ought  to  be  supplied  as  a  standard  uniform 
article ;  it  is  that  which  1  have  always  met  with  in  the  shops,  and 
which  I  have  taken  for  genuine  etluer  in  my  former  experiments. 
The  third  quality  is  of  the  specific  gravity  0*78  or  0*79  usually ; 
of  course  it  is  much  inferior  to  the  last  in  purity.  But  it  may  oe 
proper  to  observe,  that  this  is  the  first  state  of  the  other  two 
^pisdities  ;  they  being  produced  from  this  by  ulterior  processes 
called  rectification. 

It  is  well  known  that  sulphuric  ether  is  procured  by  distilling 
a  mixture  of  sulphuric  acid  and  alcohol.  The  proportions 
usually  prescribed  are  equal  weights  of  concentrated  acid  and 
alcohol.  By  due  management,  a  liquid  of  the  specific  gravity 
(^786  or  0*79  is  obtained,  called  ether.  It  is  the  ether  of  this 
tkird  quality,  jost  mentioned,  and  is  in  fact  a  compound  of 
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alcohol  and  ether  chiefly,  in  proportions  to  be  investigated  here* 
after.     In  this  state  it  is  usually  called  unrectijied  ether. 

When  this  last  liquid  is  redistilled  by  a  moderate  heat  till  one 
half  has  passed  over,  the  liquid  in  the  receiver  is  denominated 
rectified  eXher,  It  is  usually  about  0*75  specific  gravity,  corre- 
sponding to  the  second  quality.  It  still  consists  of  ether  and 
alcohol,  but  with  much  less  alcohol  than  before.  There  is  great 
reason  to  believe  that  both  the  unrectijied  and  rectified  ether,  as 
thus  prepared,  are  destitute  of  water,  except  so  far  as  it  is  an 
essential  element  of  the  two  liquids,  ether  and  alcohol  in  their 
purest  slates  ;  the  sulphuric  acid  being  well  able  to  retaiaall  the 
excess  of  water  of  common  alcohol  in  the  temperatures  employed 
in  the  two  distillations. 

Ether  of  the  first  quality,  or  that  in  its  purest  state  is  to  be 
obtained  from  the  rectified  ether  just  mentioned.  The  object  is 
to  abstract  the  alcohol  still  remaining  in  th%  rectified  ether. 
This  may  be  done  in  great  part  by  repeated  distillations  ;  always 
taking  the  first  produce  and  setting  aside  the  remainder  for  other 
use  ;  but  this  method  is  tedious  and  expensive.  A  more  ready 
method  is  to  agitate  the  rectified  ether  with  about  its  own  bult 
of  pure  water;  after  agitation  the  mixture  resolves  into  two 
fluids,  a  heavier  and  a  hghter ;  the  lighter  may  be  decanted,  and 
will  be  found  about  two-thirds  of  the  volume  of  ether  used  ;  it 
will  have  the  specifi'c  gravity  0*73  nearly,  and  may  be  considered 
as  ether  of  the  first  quality.  But  it  is  demonstrable  that  it  still 
.contains  some  alcohol,  and  has  besides  acquired  a  portion  of 
water  from  this  process.  The  watery  stratum  below  contains 
the  greatest  part  of  the  alcohol,  and  has  also  taken  along  with  it 
a  portion  of  ether,  as  is  evident  from  the  smell,  which  is  much 
the  same  as  that  of  ether  itself.  This  heavy  liquid  has  the 
specific  gravity  of  0*96  or  0*97  usually.  If  this  ether  of  0*73 
specific  gravity  be  again  treated  with  water,  it  will  be  reduced 
nearly  to  0*72  specific  gravity ;  but  it  still  contains  minute  por- 
tions of  both  alcohol  and  water,  the  quantities  of  which  are  not 
easily  appreciated.  Subsequent  distillation  would  doubtless 
improve  the  quality  a  little  ;  but  for  most  practical  purposes 
there  is  reason  to  believe  that  no  matorial  difference  would  be 
found  between  the  above  and  ether  of  absolute  purity. 

Having  obtained  ether  of  the  specific  gravity  0*72,  and  alcohol 
of  0*83  specific  gravity,  both  of  which  maybe  considered  as.  very 
nearly  pure  or  free  from  water ;  mixtures  of  these  two  liquids 
may  be  made  in  any  proportions,  and  the  resulting  specific 
gravities  ascertained ;  from  which  we  may  be  enabled  to  esti- 
mate the  proportions  of  the  two  fluids  in  any  specimen  where  no 
water  is  present. 

This  operation,  however,  is  more  difiicult  than  may  be 
imagined.  By  taking  ether  and  diluting  it  successively  with 
equal  portions  of  alcohol,  the  resulting  specific  gravities  may  be 
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found  in  the  usual  way,  provided  we  could  guard  against  any  loss 
of  the  mixture.  But  «uch  is  the  evaporaiing  power  of  ether^ 
especially  when  pure,  that  it  is  impossible  to  pour  it  from  one 
vessel  into  another  in  the  open  air  without  much  loss.  In  one 
instance  I  found  that  after  six  successive  dilutions  and  12  trans- 
fers, made  with  great  care,  I  had  lost  one-fifth  of  the  whole 
weight  used.  In  such  case,  if  the  diluting  portions  are  not  dimi- 
nished duly,  the  results  must  be  erroneous.  One  circumstance 
is  favourable,  the  increase  of  density  by  chemical  action  appears 
to  be  very  small ;  so  that  the  densities  may  be  calculated  without 
very  material  error.  The  following  table  will  afford  a  moderately 
good  approximation,  which  may  have  its  use  till  a  better  is  made. 

Table  of  the  Specific  Gravities  of  Mixtures  of  Ether  and  AlcohoL 

Ether.      Alcohol.  Sp.  Gr. 

100  +       0 0-720 

90  +     10 0-732 

80  +     20 0-744 

70  +     30 0-756 

60  +     40 0-768 

60  +     60 0-780 

40  +     60 0-792 

30  +     70 0-804 

20  +     80 0-816 

10  +     90 0-828 

0  +   100 0-830 

From  this  table  it  would  seem  that  ether  of  the  second  quality, 
or  that  of  the  shops  in  general,  contains  about  26  per  cent,  of 
alcohol ;  and  that  of  the  third  quality  from  65  to  60  of  alcohol ; 
aind  the  proportion  of  this  article  will  be  still  greater  on  the  pro- 
bable supposition  that  pure  alcohol  is  as  low  as  0*82  in  specific 
gravity. 

So  far  we  have  considered  the  mixtures  of  ether  and  alcohol  in 
their  purest  states,  or  nearly  such  ;  and  it  has  been  observed  that 
in  the  ordinary  course  of  manufacture,  it  is  these  mixtures,  only 
varied  in  proportion,  that  occur.  But  if  we  introduce  water  so 
as  to  vary  the  proportions  of  ether,  alcohol,  and  water,  indefi- 
nitely, then  some  new  phenomena  occur,  and  the  quantity  of 
ether  in  such  mixtures  is  no  longer  to  be  determined  by  the 
specific  gravities.  These  mixtures  are  in  some  proportions 
uniforui  throughout;  in  others,  they  resolve  into  two  fluids  of 
different  specific  gravities,  alike  transparent  and  colourless,  but 
easily  distinguishable  from  a  filmy-like  surface  between  the  two 
fluids.  Both  the  heavy  and  lights  or  as  they  may  be  called,  the 
watery  and  ethery  fluids,  contain  in  all  cases  less  or  more  of  all 
the  three  ingredients.  They  seem  to  vary  in  their  specific  gra- 
vities according  to  this  law ;  whenever  the  upper  fluid  is 
extremely  light,  the  under  one  is  extremely  heavy;   nam.elY% 
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about  0*72  and  0*98  respectively ;  and  whenever  the  under  fluidi 
is  extremely  light,  then  tbe  upper  one  is  extremely  heavy,  but 
the  two  never  approximate  nearer  than  0*93  and  0*82  respect- 
ively.  As  far  as  I  have  found,  I  am  pretty  well  convinced  that 
in  this  last  case  the  heavy  fluid  is  constituted  of  1  atom  of  ether, 
1  of  alcohol,  and  6  of  water ;  and  the  light  fluid  of  1  ether, 
1  alcohol,  and  1  water,  being  a  true  ternary  compound  of  the 
three  elements.  These  facts  are  beautifully  exhibited  by  a 
single  experiment.  Let  equal  volumes  of  pure  ether  and  water 
be  agitated  together;  on  subsiding,  tbe  verf  heavy  and  very 
light  fluids  are  immediately  perceived  ;  let  then  pure  alcohol  be 
aaded  by  degrees,  and  agitated ;  it  will  be  observed  that  both 
fluids  have  increased  in  volume  upon  each  addition,  till  at  length 
the  upper  fluid  arrives  at  its  maximum  volume  and  specific  gra- 
vity. A  further  addition  of  alcohol  then  diminishes  the  volume 
of  ether  till  at  length  it  disappears,  and  the  whole  becomes  one 
uniform  fluid. 

The  boiling  point  of  ether  I  find  forms  a  curious  part  of  its 
history  ;  I  mean  that  point  of  temperature  when  its  vapour  is  of 
•ufficient  force  to  balance  the  weight  of  the  atmosphere.  In  my 
early  experiments  I  found  the  point  by  immersing  a  thermometer 
in  the  boiling  fluid,  when  it  stood  at  1G2° ;  but  in  subsequent 
experiments  I  used  a  barometer  tube  bent  about  one  third  from 
the  sealed  end,  and  the  legs  laid  parallel.  A  small  portion  of 
ether  was  let  up  to  the  sealed  end,  and  the  tube  from  thence  to 
a  little  past  the  turn  was  filled  with  mercury.  The  instrument 
thus  prepared  was  immersed  in  a  tall  jar  of  warm  water  till  the 
vapour  arose  from  the  ether  and  depressed  the  mercury,  which 
ascending  in  the  other  leg,  was  brought  to  a  level  in  the  two.  In 
this  way,  the  same  ether,  in  the  temperature  of  98°,  exhibited  a 
force  equal  to  the  atmosphere.  .  Something  like  this  I  find  takes 
place  in  alcohol  of  0*83  specific  gravity.  It  boils  in  a  phial  at 
176°;  but  in  a  tube  its  vapour  is  equal  to  the  atmosphere  in  a 
temperature  of  172°.  Pure  ether  of  0*72  specific  gravity  boils 
in  the  tube  at  95°  or  96°,  as  Gay-Lussac  has  observed ;  but  in  a 

Ehial  I  find  the  thermometer  may  be  raised  to  98°  in  the  boiUng 
quid.  The  boiHng  point  of  a  mixture  of  pure  ether  atid  pure 
alcohol  may  be  made  to  vary  from  96°  to  170°;  but  we  cannot 
infer  the  boiling  point  from  a  knowledge  of  the  proportions  of  the 
mixture ;  it  is  always  much  nearer  that  of  ether  than  the  pro- 
portions would  indicate.  Indeed  it  is  the  same  with  alcohol  and 
water,  and  all  similar  mixtures.  A  mixture  of  equal  parts  of 
alcohol  and  water  boils  at  183°;  whereas  by  the  rtde  of  propor- 
tion it  ought  to  boil  at  1 94°.  A  mixture  of  four  parts  ether  and 
three  parts  alcohol  I  found  boiled  at  1 17°  in  the  tube,  and  122* 
or  123^  in  the  air,  which  by  proportion  should  have  boiled  at 
127°.  It  was  of  specific  gravity  0*769,  and  might,  therefore,  be 
considered  as  between  the  second  and  third  quality. 

The  modificatioDa  of  the  boiUng  pcnst  of  ether  prodooed  I9 
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water,  however,  are  the  most  astonishing.    The  heavy  fluid  aris* 
ing  from  the  washing  of  ether  by  water,  which  is  of  the  specific 

fravity  0*96,  and  which  consists  of  8  or  10  parts  of  water  and 
or  2  of  ether  and  alcohol,  boils  at  103°  in  the  tube  ;  but  if  th« 
temperature  be  increased,  it  soon  ceases  to  manifest  the  increas- 
ing progressive  elasticity  of  pure  ether,  as  may  well  be  expected. 
The  reason  of  this  is  pretty  obvious  ;  water  possesses  little  or  no 
affinity  for  ether ;  it  yields  readily  the  few  atoms  it  possesses  to 
the  influence  of  heat,  and  when  they  are  raised,  the  supply 
ceases.  Hence  we  see  the  necessity  of  using  a  pure  ether  when 
the  tension  at  various  successive  temperatures  is  to  be  found. 

Specific  Gravity  of  Ether  Vapour. 

In  1803  and  1804  I  made  a  great  many  experiments  on  the 
combustion  of  ether  vapour  mixed  with  oxygen  gas  by  electricity. 
These  sufficiently  demonstrated  the  great  specific  gravity  of  this 
Tapour,  as  it  was  sufficient  to  have  four  or  five  per  cent,  of 
Tohime  of  it  to  produce  abundance  of  carbonic  acid,  and  to 
require  a  greater  abundance  of  oxygen.  1  found  it  expedient  to 
ascertain  as  near  as  possible  the  exact  specific  gravity,  and 
attempted  it  as  follows  in  September,  1803. 

I  took  a  balloon  glass,  of  the  capacity  of  253  cubic  inches, 
having  a  wide  neck,  to  which  was  adapted  a  brass  cap  and  stop- 
cock. Into  this  a  graduated  tube,  -fV^^^  of  an  inch  diameter, 
containing  ether  of  0*758  specific  gravity,  and  a  manometer 
were  introduced ;  the  manometer  was  as  usual  a  tube  of  ^ij-th 
inch  bore,  closed  at  one  end  and  duly  graduated,  with  a  globule 
of  mercuiy  sliding  in  it.  The  vessel  was  immediately  made  air 
tight,  and  kept  so  for  several  days,  during  which  time  the  pro- 
gress of  the  evaporation  and  of  the  gauge  was  occasionally 
noted.  The  temperature  of  the  air  in  the  room  was  usually 
about  66° ;  but  as  this  was  of  no  importance,  it  was  not  particu- 
larly noted.  The  observations  follow  :  the  ether  tube  was  gradu- 
ated into  water  grain  measures  ;  barometer  30  inches. 


Manometer. 


Sept.   23 


24 


25 
26 
28 


2  p.m. 
6  

8  

1  a.m. 

9  

3  p.m. 
10  

1  p.m. 
12 

2  p.m. 

9  

9  a.  ID. 


•  .   •  •  .  . 

•  ••••• 

•  •  •  •   •  * 

•  •  «  .   •  . 

•••••• 


885 
868 
858 
848 
830 
825 
818 
800 
796 
790 
780 
772 


Measures  of  el  her 
•     evaporated. 

...  0-0 

...  6-5 

...  10-0- 

...  16-5 

...  20-6 

.  24- tj 

.  28-6 

.  34-0 

.  38-9 

.  42-0- 

.  46-5 

.  49-6 


•  •   . 
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Now  49*5  measures  of  ether  =  37-5  gr.  and  this  quantity- 
being  by  the  manometer  =  ^f  of  the  atmospheric  pressure,  we 
have  113  :  37-5  ::  772  :  266' gr.  the  weight  of  253  cubic  inches 
of  ethereal  vapour  of  atmospneric  force  ;  but  the  weight  of  the 
same  volume  of  common  air  =  77  gr.  Hence  ethereal  vapour 
=  3*3  times  the  specific  gravity  of  air. 

I  find  amongst  my  notes  in  1805  a  similar  experiment,  from 
which  the  specific  gravity  was  deduced  =  2-65  only.  This 
difference  occasioned  me  to  repeat  the  experiment  as  follows : 

Balloon  containing  404  Cubic  Inches  =123  Gr.ofAir. 

Barometer,  30  inches. 

Ether,  0*728  specific  gravity  in  the  temperature  48°. 


1819.— Feb.  25 


10     a.m. 
1     p.m. 


2i 


6^ 
7 

9 


26      9    a.  m. 
11  + 


27 


2  p.  m. 

6  

9  

9  a.m. 

9  p.m. 


Measures  of  ether 

inoiucicr. 

evaporated. 

4100     . . 

....     0-0 

4062     . . 

. . . .     8-0- 

4040     . . 

....     9-5 

4026     .. 

....  11-0- 

4000+.. 

....  13-6 

3990     . . 

....  16-0 

3966     . . 

....  170 

3908     . . 

....  250 

3903     . . 

....  27-0— 

3900-  . . 

....  28-0 

3881      . . 

....  30-0 

3870     . . 

....  32-0 

3824     . . 

....  360 

3812     .. 

....  39-0 

At  this  period  the  cock  was  turned,  and  the  air  and  vapour  let 
out,  till  the  equilibrium  was  restored  with  the  atmosphere,  the 
barometer  being  then  29*5  ;  the  thermometer  was  not  noted.  In 
a  few  minutes  the  cock  was  again  turned,  and  the  experiment 
continued. 

Measures  of  ether 
evaporated. 


Manometer. 


Feb. 


March 


27 

9:^ 

p.  m. 

28 

2 
9 

1 

9 

a.  m. 

9 

p.m. 

2 

9 

a.  m. 

9 

p.  m. 

3 

9 

a.  m. 

9 

p.m. 

4 

9 

a.  m. 

9 

p.m. 

•  •   • 


•  • 


•  .  • 


•   •   • 


•  •  • 


•  • 


•  « 


4077 
4040 
4026 
4006 
3986 
3969 
3960 
3937 
3919 
3908 
3890 


0-0 

6-5 

7-6 
10-0 
14-0 
16-6 
18'0~ 
19-5 
220 
24-0 
26-0 
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rvapornlcd. 

,  3885    27-0 

,  3874   28-0 

.  3874   28-0  + 

,  3874  28-0  + 


For  the  last  two  days  there  was  only  a  drop  of  fluid  left  at  the 
bottom  of  the  tube  (nearly  five  inches  deep)  which  seemed  to  be 
not  evaporable ;  but  it  was  judged  proper  to  continue  the  espe- 
riment  in  order  to  ascertain  whether  the  vessel  was  perfectly  air 
tight,  and  of  course  the  gauge  would  continue  stfttioi»ry.  The 
drop  of  Ruid  sraelled  of  alcohol,  and  when  diluted  and  treated 
with  muriate  of  barytes  was  milky. 

By  making  the  calculation  as  above,  the  specific  gravity  of 
ether  vapour  from  the  first  part  of  the  experiment  conies  out 
3'05,  and  from  the  last  part,  3-2.  The  slow  manner  in  which 
ether  evaporates  in  these  circumstances  is  surprising;  in  the 
latter  part  of  the  experiment  it  is  to  be  ascribed  to  the  depth  of 
the  surface  of  fluid  in  the  tube,  and  the  partly  saturated  air. 

Though  convinced  the  above  results  were  very  good  approxi- 
mations, I  was  desirous  to  have  a  confirmation  of  it  by  some 
more  direct  method.  I  took  a  bottle  of  the  capacity  of  2,600 
gr.  of  water,  and  graduated  accordingly ;  this  being  tilled  up  to 
1,100  gr.  with  dry  mercuiy  was  inverted  in  the  mercurial  trough 
■with  1,500  common  air.  Through  this  mercury  were  passed  1,2, 3,. 
or  more  grains  of  ether,  which  expanded  the  air,  and  from  the 

auantity  of  expansion,  compared  with  the  weight  ofetherlet  up, 
le  specific  gravity  of  the  vapour  was  inferred.  This  method 
did  not  give  uniform  results  owing  to  a  considerable  portion  of 
such  minute  quantities  of  ether  being  entangled  by  the  mercury 
in  its  passage.  To  remedy  this,  1  took  a  small  tube,  one-seventh 
of  an  inch  in  diameter  internally,  and  two  inches  long,  which 
was  sealed  at  one  end,  and  then  graduated  into  water  grains, 
which  was  such  as  to  allow  nearly  one-fourth  of  an  inch  for  one 
grain.  This  was  filled  with  mercury,  except  for  one,  two,  or 
more  grain  measures,  which  were  afterwards  filled  with  ether, 
and  the  finger  being  applied,  the  tube  was  plunged  into  the 
mercury  and  passed  through  the  neck  of  the  bottle  up  to  the* 
surface  of  the  mercury  in  the  bottle.  In  this  way  the  ether  wa« 
conveyed  through  the  mercury  without  quitting  the  tube,  and  by 
gentle  agitation  was  ejected  and  dissipated  in  vapour  in  a  few 
minutes  afterwards.  The  results  in  several  experiments  were 
nearly  uniform,  giving  an  increase  of  volume  of  gas  from  253  to 
275  grain  measures  for  each  grain  of  ether  in  weight.  This 
^ves  the  specific  gravity  of  ether  vapour  from  31  to  3'3.  On 
ute  whole,  I  think  3-1  is  probably  the  nearest  exoression  in  two 
places  of  figures  that  can  be  attained. 
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Elasticity  isf  Ether  Vapour,  the  same  in  Air  and  in  a  Vacuumi 

The  same  tension  or  elasticity  of  ether  vapour  takes  place  in 
air  as  in  a  vacuum,  just  as  with  the  steam  of  water  and  other 
liquids.  But  this  is  not  true  of  impure  ether,  if  it  be  made  to 
pass  through  water  into  the  air,  because  by  this  operation  it  ig 
unproved  in  quality,  though  greatly  diminished  in  quantity. 

When  the  temperature  of  the  air  was  43^,  and  barometer 
29*70,  I  passed  up  through  water  into  a  graduated  tube  contain- 
ing 61  grain  measures  of  air,  about  three  or  four  grains  of  0*73 
ether.  The  air  was  in  a  few  minutes  expanded  to  74  measures  ; 
imd  the  ether  barometer  (that  is,  a  barometer  with  the  same  kind 
of  ether  thrown  up  into  the  vacuum)  stood  at  20*5  in  the  same 

temperature ;  hence  we  have  -^^  x  51  [—zif    x    51  j  =  74 

nearly  ;  whfch  accords  with  the  before-mentioned  theorem*  Tht 
tube  being  afterwards  immersed  in  water  of  66°  gave  104  mea« 
tures  of  vapourized  gas;  and  in  70°  gave  118  measures.  It 
stood  for  some  months  in  water,  still  retaining  a  fluctuating 
▼olume  of  gas«  according  to  the  changes  of  barometer  and  ther- 
mometer ;  and  at  last  the  gas  was  passed  through  water,  and 
instantly  gave  the  original  51  measures  of  air. 

The  quality  of  ether  may  be  judged  of  from  passing  a  smaH 
portion  of  it  through  water  in  a  graduated  tube.  Thirty  grain 
measures  of  the  best  ether  (0*73)  passed  up  a  tube  or  eigbi 
inches  long  filled  with  water  lost  four  or  five  gr.  Thirty  grains 
of  another  ether,  consisting  of  a  mixture  of  15  ether  (0*735)  and 
16  alcohol  (0*85),  when  passed  in  like  manner,  only  gave  fivft 
measures  of  fluid  ether,  swimming  on  the  surface  of  the  water* 

Relation  of  Ether  Vapour  to  Liquids. 

Gases  vapourized  by  ether  may  be  kept  over  dry  mercury,  and 
transferred  through  the  same  without  loss.     But  they  are  not 
kept   over  water,  alcohol,  and  other  liquids,  without  loss  of  • 
vapour,  though  this  is  variable  according  to  the  nature  of  thft 
flmd  and  other  circumstances. 

Alcohol  absorbs  ether  vapour  out  of  air  much  faster  tha» 
water  does.  I  filled  two  similarlv  g^raduated  tubes  with  ether^ 
ixed  air,  and  placed  them  over  alcohol  and  water  respectively ; 
they  lost  vapour  as  under: 

Xnbt  over  alcohol.  Tube  over  water. 

155  measures.  155  measures. 

116  in    5  minutes.  142  in  10  minutes. 

1 12  in    8  minutes.  138  in  13  minutes. 

104  in  30  minutes.  130  in  30  minutes. 

100  washed.  100  washed. 
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The  non-efficiency  of  water  in  abstracting  ether  vapour  k 
fhrtber  manifested  by  the  following  experiment. 

I  took  a  taU  graduated  cylindric  jar,  of  three  inches  diameter, 
into  which  20  oz,  measures  of  air  were  passed  over  water* 
Thirty  grain  measures  of  ether  (0-73)  were  then  passed  up  into 
the  air,  through  a  volume  of  five  inches  of  water,  which  was  of 
course  diminisned  a  little  in  its  passa^,  and  then  spread  over 
the  surface  of  the  water  to  the  thickness  of  -^th  of  an  inch 
xieaily.    The  volume  of  air  and  vapour  varied  as  under  : 

H.       M.  Oz. 

—  —  20 

—  3    22|. 

—  6 24 

—  12   26 

—  20   27^ 

—  26   28-i. 

—  32   28^ 

—  60   28 

2  27    27 

1  Day 23 

1  Week 214. 

Washed 20 

Here  it  is  observable,  the  vaponr  increased  for  half  an  hour^ 
and  then  began  to  decline  again,  but  slowly.  It  increased  tho 
vohime  by  8-^  oz.  =  3,960  grain  measures,  which  is  equal  to 
16  gr.  in  weight  by  the  preceding  determination ;  but  the  ether 
weighed  22  gr. ;  so  that  a  loss  of  one-third  of  the  weight  of  the 
ether  only  was  occasioned  by  the  action  of  so  great  a  surface  of 
water  on  it  for  half  an  hour. 

Force  of  Ether  Vcpour. 

My  fortner  e3q)eriments  on  the  force  of  ether  having  been 
made  with  an  article  not  of  the  highest  purity,  they  ought  all  to 
exhibit  a  force  too  low  for  the  temperature.  Such  I  find  to  be 
the  fact ;  at  least  within  a  range  of  temperature  of  easy  investi- 
gation, that  is,  from  30°  to  140®.  The  difference,  however,  is 
out  BmalJ,  and  may,  without  much  error,  be  corrected  by  deduct^ 
ing  2®  or  3°  from  the  respective  temperatures,  as  given  in  my 
table.  (New  System  of  Chemistry,  p.  14.)  The  apparatus  to 
be  used,  consists  of  a  common  barometer  tube,  one  bent  into  a 
syphon  at  one*third  of  the  length  from  the  sealed  end,  and  m 
tau  smaller  one  bent  six  or  seven  inches  from  the  sealed  end, 
and  having  the  other  leg  40  inches  long.  The  first  of  these 
instruments  is  best  used  tor  atmospheric  temperatures,  having  a 
drop  of  ether  let  up  into  the  vacuum.  The  second,  is  to  have 
its  short  leg  fi  led  with  mercury,  and  an  inch  of  the  other  leg,  a 
drop  of  ether  being  at  the  top  of  the  mercury  in  the  short  leg« 
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This  is  used  from  temperature  SO''  to  HO*' or  120^.  The  third  is 
to  have  its  short  leg  filled  with  mercury,  and  a  drop  of  ether  as 
the  other,  and  its  long  leg  filled  to  various  heights  v^ith  mercury, 
according  to  the  temperature.  It  may  be  advantageously  used 
from  120^  to  140°.  For  temperatures  between  140^  and  212'',  I 
have  always  used  a  tube  similar  to  the  last  mentioned,  but  hav- 
ing its  upper  extremity  sealed,  and  containing  air  of  common  den* 
fiity  over  the  mercurial  column,  and  nearly  equal  in  volume  to- 
the  capacity  of  the  other  leg.  When  the  ether  vapour  is  formed 
in  force,  it  condenses  the  said  air,  and  from  the  condensation, 
the  force  is  inferred  by  a  well-known  law.  Having  had  some 
reason  to  suspect  my  former  results  by  this  instrument  were 
somewhat  too  high ;  I  have  been  induced  to  examine  the 
defects  to  which  this  instrument  is  liable.  The  end  of  the  tube 
must  be  drtwn  out  to  a  point  before  sealing,  and  suffered  to  cool 
to  the  temperature  of  the  air ;  after  this,  the  end  must  be  closed 
by  the  point  of  a  flame,  otherwise  the  air  in  the  tube  may  be 
rarefied  by  the  heat,  in  which  case  the  force  of  the  steam  will  be 
overrated.  Another  cause  of  similar  error  is  the  existence  of 
ether  vapour  in  the  air  at  the  moment  of  sealing;  this  will 
happen  if  the  tube  is  not  carefully  dried  inside  after  the  instru- 
ment is  filled  with  mercury.  In  tnis  case,  the  air  in  the  tube  is 
rarefied  by  the  steam,  ana  consequently  is  of  an  unknown  but 
reduced  density.  The  opposite  error  is  liable  to  be  induced,  by 
the  frequent  use  of  the  instrument.  By  the  motion  of  the 
mercury,  the  small  remains  of  ether  mechanically  mixed  with  it 
rises  to  the  top,  and  a  visible  stratum  of  ether  is  thereby  exposed 
to  the  air.  In  this  case  an  addition  of  force  is  given  to  the  air ; 
but  as  the  quantity  of  this  force  is  known  for  any  temperature,  it 
may  be  allowed  for  accordingly.  I  prefer,  however,  sealing  the 
tube  when  well  dried,  and  the  air  of  atmospheric  density  at  the 
time  ;  and  if  the  ether  appear  to  rise  to  the  surface  afterwards, 
the  correction  must  be  applied.  In  order  to  have  a  complete 
check  upon  this  instrument,  it  should  be  adapted  so  as  to  be 
applicable  at  some  temperature  (as  140°),  where  the  force  is 
known  by  other  direct  means.  The  error,  if  any,  will  thu»be 
shown,  and  may  be  calculated  for  other  temperatures. 

I  have  lately  made,  for  the  first  time,  various  experiments  on 
the  force  of  steam  from  water,  in  temperatures  from  212°  to 
300°;  the  results  which  convince  me  that  the  theoretic  forces 
which  I  gave  in  the  fifth  volume  of  the  Memoirs,  as  also  those 
subsequently  in  my  Chemistry,  are  both  erroneous ;  the  former 
being  about  as  much  too  small  as  the  latter  are  too  large,  so  that 
the  mean  of  the  two  series  is  a  near  approximation  to  the  truth. 

Experiments  on  the  force  of  aqueous  steam  in  high  teniperai- 
tures  have  been  lately  made  by  Mr.  Southern,  of  the  Soho, 
Birmingham,''^  and  by  Dr.  Ure,  of  Glasgow,-)-  the  results  of 

•  Dr.  Robifon's  MTorks  by  Dr.  Brewster. 

f  It  would  have  given  me  great  ^\i  asure  to  have  been  able  to  addnoe  Dr.  Uic^i 


1820.]  Mr.  Dalton  on  Sulphuric  Ether.  1^ 

which  agree  very  well  with  each  other,  and  with  the  mean  of  ' 
my  two  theoretic  tables.  As  for  the  force  of  steam  below  212°,  ' 
no  one  has  found  any  material  variation  from  those  in  my  first 
table  ;  indeed  scarcely  any  one  seems  to  have  attended  much  to 
those  below  100°,  which  I  was  most  anxious  to  have  correct. 
The  force  of  steam  at  32°  is  an  important  element ;  I  have  spent 
much  time  and  labour  upon  it,  both  before  and  since  my  first 
table  was  published  ;  it  is  not  less,  I  think,  than  0-2  of  an  inch, 
nor  more  than  0'3;  these  being  the  extremes  of  my  experiments; 
perhaps  0-2S  is  very  near  the  truth. 

My  table  of  the  force  of  alcoholic  vapour  represents  it  too 
high  for  temperatures  below  SO",  and  for  those  above  rather  too 
low.  These  errors  arose  partly  from  the  alcohol  not  being  free 
-from  water,  and  partly  from  a  mistake,  as  I  now  apprehend,  in 
£ung  a  standard  murk  on  the  alcohol  barometer.  They  are  but 
email,  and  of  little  importance,  as  the  observations  were  not  used 
■n  establishing  general  principles.  An  improved  and  more 
extended  series  of  observations  on  the  force  of  alcohol  vapom^ 
hftS  recently  been  published  by  Dr.  Ure,  as  mentioned  above,  the 
results  of  which  fail  in  as  well  as  can  be  desired  with  those  from 
water,  in  establishing  a  general  law  that  the  vapours  of  homoge- 
neous liquids  expand  in  geometrical  progression  to  equal  intep- 
vals,  or  at  least  to  t/ie  lame  intervals  of  temperature.  1  may  add, 
my  own  experiments  recently  made  for  the  first  time,  corrobo- 
rate those  of  Dr.  Ure  in  the  interval  of  temperature  from  175°  to 
212S* 

The  following  skeleton  of  a  table  of  the  force  of  vapour  from, 
water,  alcohol,  and  ether,  is  formed  from  what  I  consider  as  the 
most  correct  experiments  hitherto  made  on  these  subjects,  and 
may  have  its  use,  though  it  will  be  found  not  to  differ  very  mate— 
-rially  (rom  my  former  tables,  except  where  they  differ  from  each. 
oUier. 

-iClperinicnU  on  elhpr  also,  in  corrnboralion  of  my  early  cipnrimenls,  and  of  Ihe- 
(CBcral  principles  ihence  derived  ;  a.  sirongrr  contlemnalion  of  iliosf  iirinciplm, 
canld  not  bate  hecn  broiiKiil  furwHrd  Ihnn  their  agreement  willi  (he  reeulls  of  Dr. 
tire  on  dber  vaponr.  All  (he  Infarmnliun  we  have  given  as  (o  IheqnalUj,  &e.  of 
4ii  ether  it  canlained  in  Ihe  fullntviof  iiuragraph.  "  TJte  ether  of  the  shopx,  a* 
;l)rr|nired  b;  ilie eminent  Londnn  a|ialbeciirie«,  boiii  i;?Beraliy  at  1IS°)  but  when 
wattled  nilli  walrr  or  rcditlilled,  il  bulli  at  104°  or  105°.  1 1  may  by  rcctiScntliHiK 
iowever,  be  maiJe  to  lioil  al  n  still  lower  lemperntiire."  We  are  pnjsented  willv 
-f<roierieiorei|ji-rinMMitian  thernrceofeLherTnpoiir)  Ibelirst  begi/ual  34''ni(lt 
(be  force  6'S,  and  ends  n(  104",  wllli  Ihe  force  ofSDinthes  of  metcurj,  the  iecon* 
bec'iUBl  105e  Willi  Ihe  same  fnree,  and  ends  at  g1(P  ukb  the  forr.e  of  166  Inches. 
Wh«l  the  specific  gravities  of  Ihe  two  kinds  of  elhcr  used  weie^  and  whether  Iht 
etben  used  were  oblained  from  Ihe  very  infrrlor  ether  of  113°  hy  wnshlng,  orbjr 
dEMillatioD.  are  important  points,  coneernin|:  nWeh  we  are  'jrt  inFormed.  Haw- 
««Br,  Dr.  Ure  eonlritri  Id  blend  these  two  disjointed  serie^,  and  to  compare  tb* 
nnlti  vlth  IbDSDofmine  aiBde  upon  ether  tihleh  boiled  r,i9ga|  and  flodin^  grrw 
4kcrepailce«,  be  concludes  my  rnulis  on  elhct  and  pri'jrljilet  deduced  from  IhcB 
•re  pteBnant  with  errors. 

•  PhtlusophlcnlTraniacllutis,  ISIS. 
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Table  of  the  JFbrces  of  AqtuouSj  Alcoholic,  and  Ethereal  Vapours^ 


Tettperatnret 
^ominofl  scale), 


36* 

64 

96 
132 
173 
220 
272 
340(c) 


Aqoeaotvapoar.  Ita> 
tio,8-6. 


0-29  in. 

0-76 

1^96 

6-07  (a) 

13-18  (6) 

34-20  (c) 

88-90  (d) 

231-00 


Alcohol  vapour.  Ra- 
<io,.8-7. 


0-66  in. 

1-61 

4-07  (/) 
1 1-00 
29-70 
80-20  (i) 


Ethffeal      vapoor. 
lUtio,  S. 


7-6  in. 

16-0 

30-0 

60-0 
120-0 
240-0 


Dr.  Ure*s  numbers  for  ether  corresponding  to  the  above,  ^the 
Iftst  exclusive,  are  6-55, 13,  25*7,  49*8  [49],  96-4 ;  the  ratio  is  of 
<jourse  less  than  two,  and  a  descending  one  ;  namely,  1-98,  1-97, 
1*94,  and  1-93 ;  this-  last  circumstance  characterizes  a  mixed 
liquid. 

I  have  not  extended  the  experiments  on  ether  further  than 
•212° ;  but  as  that  temperature  gives  a  force  of  207  or  209, 1  esti- 
mate  the  force  to  be  240  at  220®  nearly. 

If  the  forces  registered  in  the  preceding  table  be  allowed  as 
"Hear  approximations  to  the  truth,  it  must^  I  think,  be  admitted 
that  they  increase  in  geometrical  progression  to  the  same  inter- 
nals of  temperature  for  a  range  of  200°  at  least.  Whether  those 
intervals  oi  temperature  are  equal  one  to  another  successively  is 
'another  inquiry,  which  the  above  facts  and  observations  do  not 
enable  us  to  decide. 

Analysis  of  Ether  by  Electricity,  8^c, 

When  a  little  fluid  ether  is  let  up  into  Volta's  eudiometo', 
either  over  mercury  or  water,  and  a  small  portion  of  azotic  gas 
is  likewise  sent  up,  in  order  to  be  vapourized  by  the  ether ;  then 
if  the  vapourized  air  be  electrified  for  an  hour,  some  permanent 
gas  is  produced,  and  charcoal  is  precipitated.  The  gas  when 
washed  is  chiefly  or  wholly  carburetted  hydrogen  ;  for  it  takes 
two  volumes  of  oxygen,  ana  yields  one  of  carbonic  acid  gas.  If 
the  vapourized  gas  be  dry  and  over  mercury,  a  volume  of  vapour 
yields  two  volumes  of  carburetted  hydrogen,  and  moisture  is 
perceived  within  the  tube.     If  the  electrification  were  continued. 

(a)  Southern,    4-71.      .  Ure,   4*70 
(A)  Southern,  1300.        Ure,  12-95. 

(c)  Southern,  35-80.        Ure,  35-60. 

(d)  Southern,  88-00  + .     Ure,  89  00. 90.    The  mean  of  my  two  tables. 

(e)  This  observation  is  Mr.  Southern's.    There  is  reason  to  suspect  his  lempen* 
tures  too  high  for  his  forces  in  the  hirh  pressures.    They  exceed  Dr.  Ure*8. 

(/)Ure,  402. 
C^)  Ure,  11-20. 
(A)  Ure,  3000. 
(0    Ure,  78-50.     Bettan,  82. 
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no  doubt  the  volume  of  gas  would  be  greatly  increased,  and  end 
In  pure  hydrogen  mixed  with  azote. 

These  experimeuts  are  not  decisive  ;  but  they  evidently  point 
out  the  composition  of  the  atom  of  ether  to  be  1  carburetted 
liydregen,  1  charcoal,  and  1  water,  or  2  olefiant  gas,  and  1  water. 

The  best  method  of  analysis  is  by  firing  the  vapour  of  ether 
mixed  with  oxygen  gas  in  Volta's  eudiometer.  This  method  I 
discovered  in  September,  1803,  and  have  used  it  occasionally 
ever  since.  It  may  be  proper  to  describe  the  various  modifici^ 
tions  of  which  this  process  is  susceptible. 

When  a  few  drops  of  ether  are  passed  through  water  into  the 
eudiometer  containing  oxygen  gas,  the  volume  of  the  gas  is  in  a 
few  minutes  enlarged  more  or  less,  according  to  the  temperature. 

In  temperatures  from  60°  to  70°,  the  volume ie  about  doubled;, 
but  below  those  it  is  less  than  doubled;  and  above  more  than 
doubled,  agreeably  to  the  principle  before  explained. 

(a)  If  the  air  be  doubled  or  more,  and  an  electric  spark,  be 
tEiken  in  it,  the  probability  is,  that  no  explosion  will  ensue ;  if  by 
repeated  sparking  an  explosion  take  place,  it  is  feeble,  and  may 
be  repeated  a  few  seconds  afterwards,  sometimes  once  or  twice. 
The  residue  of  gas  being  examined  is  found  to  contain  a  Uttie 
carbonic  acid,  some  new  combustible  gas,  and  oxygen  in  variouB 
proportions.  In  short,  the  operation  is  very  incomplete,  owing 
to  an  excess  of  ether  vapour. 

(6)  If  the  oxygen  gas  be  good,  and  the  volume  be  increased 
from  100  to  160  by  the  vapour  (which  will  naturally  arise  ill 
temperatures  between  40°  and  50°,  and  in  higher  temperatures 
the  volume  may  be  reduced  by  cautious  agitation,  till  the  water 
has  absorbed  part  of  the  superfluous  ether  and  vapour),  then  a 
spark  produces  a  violent  explosion.  The  gaseous  volume  i* 
doubled,  or  iVoni  150  becomes  300  ;  and  upon  examination,  is 
found  to  consist  of  carbonic  acid  and  new  combustible  gas,  but 
chieSy  the  latter.     Little  or  no  oxygen  is  foiuid. 

If  the  ether  vapour  be  only  from  3  to  10  per  cent,  of  the 
volume  of  oxygen,  the  explosion  is  vigorous,  and  a  complete 
combustion  takes  place,  Itie  residue  consists  of  carbonic  acJd 
and  oxygen  gases  only.  Ten  volumes  of  ether  vapour  require 
about  bO  of  oxygen,  and  produce  about  40  of  carbonic  acid. 

(e)  If  100  oxygen  be  increased  by  ether  vapour  to  120  orlSO, 
a  violent  explosion  ensues,  and  the  whole  of  the  vapour  is  con- 
verted into  carbonic  acid,  water,  and  new  combustible  gas  ;  a 
little  charcoal  is  sometimes  deposited,  so  as  to  make  the  air 
muddy  at  the  instant  after  explosion ;  no  oxygen  is  found  in  the 


{d)  The  combustion  of  ether  vapour  may  be  effected  by  com- 
mon air  as  well  as  by  oxygen  gas,  only  the  proportion  of  vapoar 
to  air  is  veiy  small  and  limited.  If  the  vapour  exceed  five  per 
cent,  it  will  not  fire  ;  and  if  it  fall  short  of  two  pe'c  ceW..  xV.  fwt^ 
fires.  The  combuatJun  is  attended  wit\i  ttie  \ivc)i\\\:.'Cv.i^  vS.  uiew 
matjble  gas,    or   otherwise    complete,    B.Gcoxi\n.'^   Vii  'iS** 


132  Mr.  Dalton  on  Sulphuric  Ether.  [Feb* 

greater  or  less  proportion  of  vapour,  <as  is  the  case  with  oxygea 
gas. 

In  respect  to  the  new  combustible  gas  in  the  above  paragraph^ 
its  nature  may  be  ascertained  by  abstracting  the  carbonic  acid  in 
the  usual  way,  and  then  exploding  it  with  oxygen.  In  the  para- 
graph (a),  the  new  ^as  is  often  nearly  pure  carburetted  hydrogen; 
put  in  (c)  and  (d)  it  is  always  a  mixture  of  carbonic  oxide  and 
hydrogen  in  nearly  equal  volumes ;  as  is  proved  from  its  requir- 
ing 60  per  cent,  of  oxygen,  and  producing  50  per  cent,  of 
carbonic  acid.  In  (b)  it  is  chiefly  these  two  gases,  but  has  a 
little  carburetted  hydrogen  occasionally  mixed  with  them. 

When  a  certain  volume  of  ether  vapour  is  completely  bume  J 
at  one  operation,  or  it  is  partially  burned  at  the  first,  as  in  (a),  (6), 
(c),  and  (d),  and  the  combustion  finished  by  a  second  operation, 
Btill  the  same  volume  of  vapour  requires  the  same  volume  of 
oxygen  for  its  complete  combustion,  and  produces  the  same 
volume  of  carbonic  acid.  And  it  is  always  lound  that  the  car- 
bonic acid  contains  two-thirds  of  the  oxygen  spent,  and  conse- 
quently the  hydrogen  engages  one-third  of  the  oxygen  to  form 
water.  Hence  it  appears  that  the  combustible  element  of  ether 
is  defiant  gas ;  but  as  there  is  reason  to  conclude  that  oxygen 
is  one  of  the  elements  of  ether,  it  must  be  combined  with 
hydrogen ;  so  that  water  must  be  the  incombustible  element. 

In  order  to  find  what  number  of  atoms  of  water  and  defiant 
gas  must  be  combined  to  form  one  of  ether,  we  must  have  regard 
to  the  weights  of  the  different  elements  which  combine.  TJow, 
from  the  experiments  above  related,  it  appears  that  one  measure 
of  ether  vapour  (weighing  3*1)  requires  six  measures  of  oxygen 
gas  (weighing  6*6) ;  but  two  atoms  of  defiant  gas  weigh  12*8, 
and  one  of  water  weighs  8,  making  together  20*8,  which  would 
require  six  atoms  of  oxygen,  weighing  42,  for  their  combustion ; 
that  is,  such  compound  atom  would  require  rather  more  than 
double  its  weight  of  oxygen,  which  is  the  proportion  I  find  by 
experiment  for  ether  vapour.  Hence  then  we  may  conclude^ 
that  the  atom  of  ether  weighs  20*8,  and  is  compounded  of  one 
atom  of  water  and  two  of  defiant  gas. 

In  January,  1809, 1  made  an  experiment  on  the  slow  combus- 
tion of  ether  in  a  lamp,  in  a  large  balloon  glass.    The  capacity 
of  the  balloon  was  two  cubic  feet ;  hence  the  oxygen  of  the 
common  air  in  it  would  weigh  260  gr.  nearly.     A  small  lamp 
with  ether  was  lighted,  and  instantly  dropped  into  the  balloon, 
which  was  immediately  closed,    the  lamp  burned  till  it  waa 
extinguished  for  want  of  air.    After  a  few  minutes  it  was  taken 
out,  and  the  loss  of  weight  ascertained  to  be  31  gr.    The  resi- 
duary gas  being  examined  was  found  to  contain  16  per  cent. 
oxygen,  and  3  or  4  carbonic  acid ;  but  in  order  to  ootain  the 
carbonic  acid  more  accurately,  the  whole  volume  of  air  vvas 
subjected  to  lime  water,  in  such  manner  that  all  the  air  which 
came  out  was  agitated  in  the  lime  water  ticial  entered  the  balloQii* 
Tbe  quantity  otlim^  water  req(u\aita  tA  ^^Vox^Va  ^^^^:^#8q&^^ 
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acid  was  as  much  as  saturated  107  gr.  in  weight  of  dry  sulphuric 
ticid  ss  60  gr.  of  carbonic  acid  =  17  charcoal  +  43  oxygen. 
But  the  oxygen  spent  in  the  combustion  was  -^  of  260.gr.  = 
60  gr.  nearly,  of  which  we  find  two-thirds,  or  rather  more,  in 
the  carbonic  acid  produced  ;  the  rest  must  have  combined  with 
the  hydrogen.  And  the  ether  consumed  was  rather  more  than 
one-half  of  the  weight  of  the  oxygen,  which  may  well  be  sup- 
posed to  arise  from  a  little  loss  by  evaporation.  This  experiment, 
therefore,  corroborates  the  conclusion  above  obtained. 

My  first  idea  of  the  ether  atom,  published  in  the  table  on  th^ 
absorption  of  gases  by  water  in  1803,*  was  two  atoms  of  carbon 
and  one  of  hydrogen.  This  incorrect  notion  was  formed  from 
some  of  ray  early  experiments  combined  with  the  analysis  given 
by  others.  M.  Saussure,  in  his  last  essay  on  ether,  has  deter- 
mined its  proportions  as  under;  which,  being  compared  with  mine, 
are  found  to  differ  from  them  materially. 

Saiissure's.  Mine. 

Carbon 67-98   61-9 

Oxygen 17-62   33-7 

Hydrogen 14-40 14-4 

100-00  100-0 

In  the  present  essay  I  have  alluded  to  the  weight  of  an  atom 
of  alcohol ;  but  this  weight  is  not  that  given  in  my  Chemistry, , 
Part  I.  From  recent  experiments  on  the  combustion  of  alcoho- 
lic vapour  in  oxygen  by  electricity,  as  well  as  from  the  combus- 
tion of  alcohol  by  the  platina  wire  lamp  without  flame,  I  believe 
the  alcohol  of  0-82  specific  gravity  is  constituted  of  one  atom 
carburetted  hydrogen  and  one  of  water,  as  it  seems  to  give 
carbonic  acid  =  half  the  volume  of  oxygen  consumed,  or  very 
little  more.  But  there  is  a  remarkable  difference  in  the  results 
Vfhen  alcohol  is  burned  in  a  lamp  in  common  air.  This  combus- 
tion gives  carbonic  acid  nearly  =  two-thirds  of  the  volume  of" 
-oxygen,  and  would  imply  alcohol  to  be  one  water  and  one  defiant 
gas.    At  present  I  have  not  leisure  to  clear  up  this  difficulty. 


Article  VI. 

,    Calculations  of  Solar  Eilipse  to  take  place  on  Sept.  7, 1820. 

By  Col.  Beaufoy,  RR.S. 

(To  Dr.  Thomson.) 

MY  DEAR  SIR,  Bushey  Heath,  Jan.  6,  1820, 

The  annular  eclipse  which  takes  place  the  7th  of  next  Sep- 
tember will  naturally  engage  the  attention  o?  ^xxxo^^-^  'asjA,*^ 

*  Afemoirs,  ▼ol.  i.  (Second  Set\e».^ 
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being  desirable  to  have  corresponding  observations  on  so  rare  a 
phenomenon,  I  have,  with  the  hope  of  directing  the  view  cX 
others  towards  this  object,  sent  you  my  calculations  of  the  parti^ 
eular  appearances  at  this  place,  as  well  as  the  principal  appear- 
ances m  other  parts  of  the  world.  By  a  mean  of  several 
observations  of  the  circumpolar  stars,  made  with  an  excellent 
circular  instrument,  two  feet  in  diameter,  and  constructed 
by  Mr.  Gary,  I  find  the  latitude  of  my  Observatory  to  be 
6P  37'  44-27''  N.  and  longitude  W.  in  time,  1'  20-93'^  instead  of 
61*^  37' 42'',  and  1'  20-7"  as  shown  by  Hadley*s  sextant,  and  an 
•rti6cial  quicksilver  horizon.        I  remain,  my  dear  Sir, 

Yours  very  truly, 

Mark  Beaufot. 


Solar  eclipse,  Sept.  7,  1820. 
Bushey  Heath,  lat.  6 1^  37'  44-27"  N. ;  long.W.  in  time,  1'  20-93 

Apparent  Time. 

Beginning 0^  21'  600" 

Visible  conjunction 1  48  23-0 

EcUptic  conjunction 1  50  18-6 

Greatest  obscuration 1  51  12'0 

End .3  12  07-0 


// 


Nearest  approach  of  centres,  3'  02",  Digits  ecUpsed  on  the 
•un's  northern  limb,  10®  28'  08".  Moon  makes  the  first  impress 
•ion  on  the  sun's  disc  54**  48'  firom  the  vertex  on  the  right. 


Places  on  the  Earth  where  the  principal  Appearances  of  the  Soldr 

Eclipse  occur. 

Apparent  Time  at  Greenwich. 


Eclipse  begins  Rt  sun-rise.  . . 
Sun  rises  centrally  eclipsed.. 
Sun  centrally  eclipsed  on  the 

meridian 

Sun  eclipaed  at  tlic  true  con- 

jmicffou 

Sun  eclipsed  at  tlie  middle  of 

tile  transit 

Sun  sets  centrally  eclipsed . . 
Eclipse  ends  at  sun-setting . . 


A.T.at  Greenwich. 


Il>»  9Sf  m"  A.M. 

18  54  09  P.M. 

1  08  09  P.M. 

1  51  S9  P.M. 

2  01  34  P.M. 
5  09  90  P.M. 
4  41  02  P.M. 


!■     *!     W 


Latitude. 


590  38'  34"  N 

81  35  42  !4 

75  50  18  N 

55  00  14  >r 

51  18  56  N 

«T  01  21  N 

3  15  10  N 


Longitude. 


90°  51 '  30"W 

148  50  36  W 

17  02  07  W 

6  03  38   £ 

8  36  02  £ 

45  49  20  £ 

SO  05  03    fi 


Dwation  of  Ae  edipse,  5^  18'  5S". 


r 
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A  Table  containing  the  Path  of  the  central  Eclipse  from  Sun-rising 
til  Sun-set. 


AsparMit   time  ni 
Greenwich,  P.M. 

LalilDilc,  N. 

Loqgiludff 

b. 

Apparent  tin. 

|.lace 

B-tlfaft 

I8b   64'   09-0" 

HI" 

X<' 

49" 

Utj* 

50' 

Sfi' 

W 

y^ 

•.H- 

47' 

A.M. 

1     01     346 

3(1 

48 

S2 

.m 

ID 

Ml 

5! 

01 

A.M. 

1    11    a4'5 

73 

an 

•IM 

S3 

la 

5 

45 

01 

57 
31 

w 

l» 

no 

01 

31 

P.M. 

I     El     343 

o:. 

46 

P.M. 

1     31     31-5 

«^ 

IH 

03 

0 

m 

01 

1 

■so 

m 

P.M.    ' 

1    41     34  5 

M 

(HI 

50 

3 

m 

¥4 

V 

54 

i^ 

1     51     34-5 

ftf> 

01? 

09 

6 

on 

01 

(■; 

t     01     34'5 

■il 

IK 

00 

a 

.^5 

I'; 

8     II     J4'5 

47 

44 

40 

M 

04 

V: 

»  ei    34-a 

44 

IK 

50 

13 

S9 

37 

K 

3 

lli 

13 

P.M. 

9     SI     31-5 

40 

.■in 

35 

la 

31 

K 

3 

37 

MK 

P.M. 

8     41      34S 

S7 

37 

10 

IB 

51 

07 

4 

m 

5H 

P.M. 

£     fli     34-5 

34 

Ifl 

10 

S4 

4H 

E 

4 

V.H 

P.M. 

3     01     34-5 

31) 

51 

30 

33 

!■; 

S 

04 

P.M. 

S     09     00-0 

01 

31 

45 

49 

SO 

n 

s 

la 

17 

P.M. 

Duration  of  the  central  eclipse,  2''  14'  51". 


By  examining  Pinkerton'a  Moiiern  Atlas,  the  following  places, 
are  found  nearest  the  moon's  tract. 


LMitude. 

Lonfilade. 

81" 

35 

iV 

MS" 

,w 

35"  W 

Falls  within  ili?|>olar  circle. 

HO 

Stt 

4H 

SM 

37 

19 

Kails  aho  w  ilhin  the  polar  circle. 

Pnlla  iiTer  Ihe  niirth.iragl  cnol  of  Greenland. 

06 

Ob 

46 

5 

01 

31 

Fulls  o.erlhe\urlbSM,iKy.rlydHeN.ofCapfWratb, 
N.  B. 

m 

IH 

03 

0 

It* 

03 

Falls  over  dillo,  due  N.  of  lli«  Slielland  Islra. 

Ml 

INI 

511 

s 

OH 

S4  E 

Fall.  OYfr  ditlo.due  E.  oFlhe  Orkney  Island.. 

fiH 

m 

OH 

It 

(Ml 

07 

51 

in 

00 

a 

35 

55 

Falls  OTCr  Everiberj,  a  luwn  uf  the  Lower  Hhior, 
in  GcriDBnj. 

44 

40 

04 

69 

Falls  nearly  orer  the  town  of  Weillieim,  in  Bavaria. 

4« 

Itl 

50 

13 

39 

3T 

Fulls  over  (lie  Adriatic  Sea,  a  link  to  tbe  S,  E.«e 
Pravonna. 

M 

56 

35 

16 

S9 

31 

Falls  nearly  over  Ihe  lonrn  of  Allamuca  in  Ihe  lerri- 
inry  i>r  Barri,  Ihe  king^lom  of  Naples. 

ST 

37 

10 

19 

51 

07 

Fall,  over  Ihe  luuian  Sea,  W.  nF  the  Uulf  of  Arcadia, 
in  Ihe  Morea. 

lU 

lA 

10 

10 

30 

41 

b4 

30 

45 

33 

Fall^io.er  a  spot  nearly  W.  oFthe  lawn  of  Zaera.in 
Falls  oier    Ihe   dislriet   of   Ared,    in  (be    Arabia 

De^rla, 
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Article  VII. 

Analyses  of  Books. 

Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester^ 

Second  Series.     Vol,  IIL  1819, 

This  volume  of  512  pages  contains  24  papers  : 

I.  Experiments  and  Observations  on  Phosphoric  Acid^  and  on 
the  Salts  denominated  Phosphates,  By  John  Dalton. — This 
paper  was  read  to  the  Society  in  the  beginning  of  1813,  a  cir- 
cumstance which  must  not  be  forgotten  while  taking  a  view  of 
its  contents.  Since  that  time  experiments  have  been  made  on 
the  subject  by  BerzeUus,  Dulong,  i)avy,  and  myself.  Of  every 
thing  brought  to  light  by  these  experiments,  Mr.  Dalton  must 
have  been  ignorant  when  his  paper  was  printed,  or  at  least  when 
it  was  read  ;  for  in  a  note  at  the  end  of  his  paper  (dated  Oct. 
1817),  he  notices  the  labours  of  Berzelius,  Dulong^  and  myself ;. 
but  still  adheres  to  the  opinions  given  in  his  paper.  This  being 
the  case,  I  think  it  needless  to  enter  into  any  controversial  dis- 
cussion. I  shall,  therefore,  just  give  an  account  of  Mr.  Dalton's 
opinions,  and,  for  my  own,  refer  the  reader  to  my  review  of  the 
Philosophical  Transactions  for  1818,  and  to  the  chapter  in  my 
System  of  Chemistry,  in  which  I  give  an  account  of  the 
pnosphates. 

Mr.  Dalton  conceives  that  phosphoric  acid  might  be  obtained 
at  a  much  cheaper  rate  from  tne  earth  of  bones  than  by  treating, 
phosphorus  with  nitric  acid.  There  is  no  doubt  of  this.  But  he 
has  not  given  any  process  by  which  such  an  extrication  can  be 
accomphshed.  The  following  would  probably  answer :  Saturate 
the  quadriphosphate  of  Hme,  which  remains  after  the  earth  of 
bones  has  been  decomposed  by  sulphuric  acid,  with  ammonia ; 
filter ;  evaporate  the  solution  to  dryness ;  and  expose  the  dry 
salt  to  a  red  heat.  Pure  phosphoric  acid  will  remain  behindU 
This  process  will  cost  a  quantity  of  sulphuric  acid  nearly  equal 
to  the  weight  of  the  earth  of  bones  employed.  The  qua^atity  of 
carbonate  of  ammonia  requisite  to  saturate  the  acid  will  be  at 
Jeast  equal  to  double  the  weight  of  the  earth  of  bones. 

Mr.  Dalton  finds  the  composition  of  earth  of  bones  as  follows  r' 

Carbonic  acid 3 

Lime , * ,   11 

Phosphate  of  hme 86 

100 

He  thinks  that  8^  parts  of  concentrated  sulphuric  acid  will  be 
uecessaiy  to  decompose  10  parts  of  earth  of  bones.  The  a<»d 
product  obtained  is  either  an  octophosphate  or  dodecaphosphate. 
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lie  is  not  sure  which.      On  the   tirst   supposition,  it  is 
posed  of 

Acid 884- 

Liine  .  .,..., 114 


^^On 


100 
On  the  second, 

Acid 92 

Lime B 


According  to  the  relative  weights  of  the  atoms  of  lime  anJ 
phosphoric 'acid,  the  former  of  tnese  numbers  would  indicate  s 
hexaphosphate  ;  the  second  an  ennea  phosphate  ;  but  in  none  of 
my  experiments,  which  were  very  much  varied,  did  I  meet  with 
any  such  compounds. 

Mr.  Dalton  considers  the  phosphate  of  lime  in  the  earth  of 
bones  as  composed  of  nearly  equal  weights  of  acid  and  base. 

He  recognised  two  phosphates  of  soda,  the  phosphate  and 
faiphosphate,  as  had  been  done  by  chemists  long  before  his  time. 
From  the  number  which  he  has  pitched  on  to  denote  the  weight 
of  an  atom  of  soda,  he  distinguishes  these  salts  by  the  names  of 
biphosphate  and  quad ri phosphate.  The  following  table  gives 
Mr.  Dalton's  analysis  of  some  other  phosphates : 

Afid. 

Phosphate  of  bary  teg 100  +  297  barytes. 

Phosphate  of  strontian 100  +  21)0  strontian. 

Phosphate  of  magnesia 100+    70  magnesia. 

Phosphate  of  alumina 100  +     64  alumina. 

Mr.  Dalton  observes,  and  thinks  the  observation  new,  that 
nitric  and  muriatic  acid  decompose  phosphate  of  lime,  as  well  as 
sulphuric  acid.  I  will  just  remind  him  of  one  fact.  In  the 
original  process  proposed  by  Scheele  for  extracting  phosphorus 
&om  bones,  the  first  step  was  to  decompose  the  phosphate  of 
lime  by  means  of  nitric  acid. 

II.  Experiments  and  Observations  on  the  Combinations  oj 
Carbonic  Acid  and  Ammonia.  By  John  Dalton. — This  paper 
■was  also  read  in  1813.  He  begins  it  by  giving  an  account  of  the 
change  which  carbonate  of  ammonia  undergoes  when  e.vposed 
to  the  air.  One  half  of  the  ammonia  gradually  flies  off,  and 
leaves  a  bicarbonate  of  ammonia  comparatively  fixed,  and 
nearly  destitute  of  smell,  I  had  given  an  account  of  this  change 
in  the  last  edition  of  my  System  of  Chemistry,  from  my  own 
experiments,  which  had  been  made  before  1813,  I  presume  the 
fact  was  known  to  other  chemists.  When  I  mentioned  it  to 
Dr.  Wollaston  and  to  Dr.  Marcet,  I  found  they  were  both  aware 
,  <f.ih'-  I  mention  this  to  show  the  disadvantage  of  guJbU&bJea.^ 


I 
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chemical  papers  so  many  years  after  the^  have  been  read.  la 
1813,  Mr.  Dalton,  I  believe,  had  he  prmted  his  paper,  woijdd 
scarcely  have  been  anticipated  in  any  publication ;  though  I  have 
mentioned  three  persons  who  were  aware  of  the  facts  at  least  as 
early. 

Mr.  Dalton  is  not  disposed  to  give  credit  to  Gay-Lussac's 
assertion  that  one  volume  carbonic  acid  gas  and  two  volumes  of 
ammonia  condense  each  other  into  solid  cs^rbonate ;  but  I  can 

five  my  testimony  to  the  accuracy  of  this  fs^ct,  which  indeed  I 
ave  had  occasion  to  repeat  more  than  once.  If  you  mix  one 
volume'  of  ammonia  and  one  volume  of  carbonic  acid  gas  toge- 
tibier,  or  two  volumes  of  ammonia  and  one  volume  of  carbonic 
acid  gas,  in  either  case  you  get  a  dry  solid  salt.  The  first  is  a 
bicarbonate,  the  second  a  carbonate  ;  for  what  Mr.  Dalton  calls 
a  carbonate,  I  consider  to  be  a  bicarbonate  ;  while  his  subcar- 
bonate  I  consider  as  a  carbonate. 

Mr.  Dalton  conceives  that  other  carbonates  of  ammonia  exist 
besides  these,  and  has  given  his  reasons  for  believing  in  the 
existence  of  a  subtricarbonate.  It  may  be  true  that  such  a  salt 
exists ;  but  his  reasons  are  not  sufficient  to  establish  the  fact. 

III.  Memoirs  of  the  late  Charles  White^  Esy,  F,R,S.  Sfc.  with 
Reference  to  his  professional  Life  and  Writings.  By  Thomas 
Henry,  F.R.S.  8cc. — ^Mr.  White  was  for  many  years  one  of  tba 
most  celebrated  surgeons,  and  possessed  one  of  the  most  exteiw 
sive  practices  in  the  north  of  England.  He  was  bom  in  Man- 
chester on  Oct.  4,  1728.  His  father,  Dr.  Thomas  White,  was 
an  eminent  practitioner  of  the  different  branches  of  medicine, 
especially  of  surgery  and  midwifery.  Mr.  Charles  White  was 
educated,  in  Manchester  under  the  feev.  Mr.  Russel,  a  respect* 
able  clergyman,  a  good  scholar,  and  a  poUte  and  well-bred 
geatleman.  The  pupil  made  a  fair  progress  in  classical  learning, 
and  at  a  very  early  age  was  taken  imder  his  father's  professionsJ 
tuition.  In  this  situation  he  soon  evinced  great  activity  and' 
talent,  and  began,  when  almost  a  boy,  to  practise  in  a  line  whidi 
was  then  generally  confided  to  men  of  mature  age.  This  eaiiy^ 
introduction  laid  the  foundation,  and,  perhaps,  was  a  principal 
cause  of  the  high  character  which  Mr.  White  auerwardi 
acquired  in  that  department  of  the  medical  profession. 

in  due  time  he  was  sent  to  attend  lectures  and  hospital  prac* 
tice  in  London.  Here  he  had  for  a  fellow  student  Mr.  Jofan 
Hunter,  who  became  afterwards  so  celebrated  as  a  surgeon  and^ 
a  lecturer,  while  attending  the  lectures  of  Dr.  William  Hunter* 
Here  they  contracted  a  friendship  which  lasted  for  life.  Doru^ 
his  residence  in  London,  Mr.  White  devoted  his  time  most  dSii* 
gently  to  professional  objects,  scarcely  allowing  himself  any  tiiM 
for  amusement.  He  afterwards  passed  a  winter  at  £dinbur|(li» 
at  a  time  when  that  University  was  rapidly  rising  into  repat^oft 
as  a  school  of  medicine. 

Having  availed  himself -to  the  utmost  extent  of  thest  oppMMr' 
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nities  of  professional  improvement,  Mr.  White  joined  his  father, 
and  soon  became  an  eminent  practitioner  in  his  native  town. 
When  the  Manchester  Infirmary  was  established  in  1752,  he 
was  appointed  the  surgeon  to  that  important  Institution,  and  he 
continued  to  fill  that  station  till  a  few  years  before  his  death. 

During  the  early  part  of  the  last  century,  the  art  of  midwifery 
was  not  so  genertdly  practised  by  males  as  at  present,  and  the 
female  midwifes  were  too  often  extremely  ignorant,  and  were 
nnder  the  dominion  of  inveterate  prejudices.  The  injurious 
effects  of  these  deficiencies  were  more  felt  in  the  subsequent 
treatment  of  puerperal  women  than  during  the  time  of  labour. 
The  lying-in  woman  was  not  allowed  to  rise  from  her  bed  before 
the  Dmth  day  ;  the  curtains  were  drawn  around  her  ;  the  doors 
and  windows  were  closed ;  every  avenue  to  the  external  air  was 
stopped ;  and  a  large  fire  was  kept  up  in  the  room.  She  wa» 
loaded  with  blankets,  and  crammed  with  caudle,  cordials,  and 
broth,  The  frequent  effects  of  this  absurd  treatment  were  puer- 
peral and  miliary  fevers.  Mr.  White  set  himself  in  opposition  to 
usages  so  fatal  in  their  consequences,  and  by  great  perseverance, 
a  manly  spirit,  united  with  great  professional  ability,  and  the 
possession  of  the  public  confidence,  he  was  fortunate  enough  to 
he  ultimately  able  to  accomplish  his  object.  His  patients  were 
allowed  to  rise  on  the  second  day ;  the  room  was  well  ventilated, 
and  kept  cool ;  and  no  cordials  or  vinous  liquors  were  allowed, 
except  when  absolutely  necessary,  and  under  proper  restrictions. 
The  good  effects  of  these  changes  were  so  evident  as  to  carry 
conviction  wherever  they  were  introduced.  The  miliary  fever 
almost  entirely  disappeared,  and  the  puerperal  soon  became 
conoparatively  of  rare  occurrence. 

Mr.  White  was  chosen  a  member  of  the  Royal  Society  in  1761. 
On  the  original  institution  of  the  Literary  and  Philosophical 
Society  of  Manchester,  he  was  appointed  one  of  the  vice-presi- 
dents, an  office  which  he  continued  almost  to  the  period  of  his 
death.  In  1803  he  was  seized  with  ophthalmia,  and  suffered  long 
and  severe  paiu  in  his  left  eye.  The  inflammation  was  subdued, 
but  the  sight  of  the  eye  was  permanently  injured.  In  1812  the 
right  eye  became  diseased,  a  total  loss  of  vision  ensued,  and  his 
general  health  rapidly  declined.  At  length,  on  Feb.  20,  1813, 
when  in  the  85th  year  of  his  age,  he  finished  a  long  hfe  of  unre- 
mitting exertion,  and  of  great  and  extensive  usefulness. 

The  following  is  a  list  of  his  writings  : 

In  the  Phil,  Trans,  are  inserted  the  following  papers  :  1.  An 
Account  of  the  Topical  Application  of  the  Spunge  in  the  Stoppage 
of  Hfemorrhages;  1772.  This  practice  was  afterwards  supers 
aeded  by  the  mvention  of  the  tentaculum,  for  which  surgery  is 
indebted  to  Mr.  Bromfield,  2.  An  Account  of  a  remarkable 
Operation  on  a  broken  Arm  ;  1760.  3.  An  Account  of  a  com- 
Luxation  of  the  Thigh-Bone   of  an  Adult  by  eiLtecoaL 


I 


I 


I 


140  Analyses  of  Books.  [Fb*^ 

His  papers  in  the  Memoirs  of  the  Literary  and  Philosophical 
Society  of  Manchester  are  the  following  :  1.  On  the  Regenera- 
tion of  Animal  Substances..  2.  On  the  Natural  History  of  the 
Cow  so  far  as  is  relative  to  her  giving  Milk,  particularly  for  the 
Use  of  Man ;  both  in  vol.  i,  first  series.  3.  Observations  on  a 
Thigh-Bone  of  uncommon  Length ;  in  vol.  ii.  4.  An  Account 
of  three  diflferent  Kinds  of  Trees  which  are  likely  to  prove  a  great 
Acquisition  to  this  Kingdom,  both  in  Point  of  Profit,  and  as 
Trees  for  Ornament  and  Shade  ;  in  vol.  v. 

He  pubUshed  likewise  three  separate  works  ;  namely,  1 .  Cases 
in  Surgery.  2.  A  Treatise  on  the  Management  of  Pregnant 
«md  Lymg-in  Women.  3.  An  Essay  on  the  Gradation  in  MaQ, 
and  different  Animals. 

I  must  here  notice  a  remark  of  the  author  of  this  biographical 
account  that  it  may  not  give  occasion  to  too  hasty  a  g.eneraliza- 
tion.  "  The  town  of  Manchester,"  he  observes,  *'  (the  spring 
water  of  which  contains  much  calcareous  earth)  and  the  sur- 
rounding country,  afford  very  few  cases  of  stone ;  but  it  is 
remark£S)le  that  those  parts  of  Yorkshire  v/here  the  water  is  most 
free  from  calcareous  impregnation  are  extremely  productive  of 
this  terrible  disease."  It  might  be  inferred  from  tnis  that  pure 
water  had  rather  a  tendency  to  occasion  calculous  diseases.  But 
it  ought  to  be  attended  to  that  it  is  very  seldom  indeed  that 
carbonate  of  lime  or  sulphate  of  lime  are  fomid  in  calculi ;  yet 
these  are  the  calcareous  salts  which  exist  in  waters.  Phosphate 
of  hme,  which  is  the  most  abundant  saline  constituent  of  calculi, 
exists  in  bread,  and  in  every  kind  of  animal  food.  Hence  it  is 
rather  the  food  than  the  water  that  gives  a  tendency  to  this 
terrible  disease.  Glasgow  was  for  many  years  very  ill  suppUed 
with  water.  Most  of  the  wells  yielded  only  hard  water,  and  the 
disease  alluded  to  was  fully  as  uncommon  in  Glasgow  as  about 
Manchester.  About  10  years  ago  two  water  companies  were 
established  in  Glasgow,  and  the  city  supplied  with  remarkably 
pure  water  (it  contains  only  -g^^th  part  of  foreign  bodies)  from 
the  Clyde ;  yet  no  tendency  towards  an  increase  of  this  disease 
lias  been  observed. 

IV.  Remarks  tending  to  facilitate  the  Analysis  of  Spring  and 
River  Waters.     By  John  Dalton. 

The  object  of  tnis  paper  is  to  give  some  rules  by  which  per- 
sons but  little  conversant  with  chemistry  may  be  enabled  to 
ascertain  the  goodness  of  the  water  with  which  they  are  supplied 
for  the  purposes  of  domestic  economy  or  of  manufactures.  It 
contains  an  enumeration  of  the  most  common  tests,  with  direc- 
tions how  to  use  them.  The  object  of  the  author  is  laudable  > 
but  I  suspect  that  after  all  the  simplification  that  has  been  intro- 
duced into  the  mode  of  analyzing  waters,  still,  in  order  to  draw 
the  proper  inferences  from  experiment,  a  good  deal  of  practice 
ai^d  considerable  knowledge. are  requisite.  Any  body  indeed  may 
apply  a  few  tests^  and  by  their  means  draw  a  few  obvious  * 
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ences  respecting  the  foreign  substances  present  in  the  water 
under  examiii!\tion.  If  it  becomes  milky  with  hme  water,  he 
infers  carbonic  acid  or  bicarbonate  of  lime  ;  if  it  is  precipitated 
white  by  oxalate  of  amraoniaj  he  infers  the  presence  of  a  salt  of 
lime.  Muriate  of  barytas  indicates  sulphuric  acid,  and  nitrate  of 
silver  muriatic  acid.  But  to  determine  the  quantities  of  the 
bodies  present  in  water  is  much  more  difficult.  I  doubt  whether 
Mr.  Dalton'a  methods  be  susceptible  of  much  precision.  It  is 
rery  difficult  to  determine  the  exact  point  of  neutralization  ia 
very  dilute  solutions  ;  nor  do  I  beheve  that  the  esact  quantities 
of  the  liquids  employed  can  be  determined  by  measure.  Weight 
seems  the  only  accurate  method.  Mr.  Dalton  expresses  iiig 
surpriseat  finding  that  lime,  though  supersaturated  with  carbonic 
acid,  still  acts  as  an  alkali  on  vegetable  colours.  A  little  consi- 
deration will  solve  this  difficulty.  Suppose  we  dip  into  a  solution 
of  bicarbonate  of  lime  a  bit  of  litmus  paper  previously  reddened 
by  vinegar.  The  paper  owes  its  red  colour  to  the  presence  oC 
acetic  acid.  This  acid  is  capable  of  displacing  carbonic  acid 
from  all  bases,  and  uniting  with  these  bases  in  its  place.  Whea 
the  paper  is  dipped  into  the  liquid,  the  acetic  acid  leaves  the 
litmus  to  unite  with  the  hme  ;  and  if  a  sufficient  quantity  of  hme 
be  present,  the  paper  must  resume  its  blue  colour ;  that  is  to 
say,  lime  must  always  act  as  an  alkali  when  it  is  combined  with  a 
weaker  acid  than  that  which  disguises  the  vegetable  blue  colour.  ■ 
There  is  no  difficulty  then  in  seeing  the  reason  of  the  fact  which 
surprised  Mr.  Dalton  so  much. 

V.  Accoimt  of  the  Floating  Island  in  Denoe/tl  Luke,  Keswick. 
By  Mr.  Jonathan  Otley, — ^The  name  of  iFloating  Island  is  given 
to  a  portion  of  earth,  about  six  feet  in  thickness,  which  rises. 
occasionally  in  the  south-east  comer  of  the  lake,  not  far  from 
Lowdore,  generally  about  150  yards  from  tiie  shore.  It  is 
attached  by  one  side  to  the  bottom,  and  sometimes  extends  to 
the  length  of  above  an  acre,  and  sometimes  constitutes  only  a 
few  perches.  Its  rise  is  only  at  uncertain  intervals.  Sometimes 
it  appears  in  two  successive  seasons,  and  sometimes  not  during 
an  mterval  of  seven  or  eight  years.  Sometimes  it  rises  a  foot 
above  the  surface  of  the  lake,  and  sometimes  remains  several  feet 
telowthat  surface.  It  usually  rises  to  the  surface  at  the  end  of 
a  warm  dry  season.  The  bottom  of  this  lake  seems  to  consist  of 
au  imperfect  kind  of  peat  moss  ?  and  Mr.  Otley  suggests  that 
part  of  the  bottom  is  occasionally  biioyed  up  to  the  surface  in 


I 
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consequence  of  the  great  quantity  of  gas  that  is  generated 
within  it.  Mr.  Otley  and  Mr.  Dalton  collected  a  quantity  of 
this  gas  in  1816.    Mr.  Dalton  found  it  a  mixture  of  nearly  equal 


volumes  of  carburetted  hydrogen  and  azotic  gases  with  about 
six  per  cent,  of  carbonic  acid  gas.  No  oxygen  could  be  detected 
in  it.  This  absence  of  oxygen  I  think  remarkable.  I  have  found 
common  air  always  mixed  with  the  specimens  of  carbuT^ttcd. 
_  ^hydrogen  gas  c&llei;ted  from  stagnant  water-pools. 
\Ta  be  cmtlnwi,) 
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Article  VIII. 

Proceedings  of  Philosophical  Societies, 

ROYAL    SOCIETY. 

Jan.  13,  1820.— Mr.  Herschell's  paper  "  On  the  Action  of 
Crystallized  Bodies  on  Homogeneous  Light,  and  on  the  Causes 
of  the  Deviation  from  Newton's  Scale  of  Tints  Ivhich  many  of 
them  develope  on  Exposure  to  a  polarized  Ray  "  was  concluded. 
When  Malus  pubUshed  on  the  present  subject,  the  number  of 
doubly  refracting  crystals  known  to  philosophers  was  very 
limited  ;  and  as  the  most  remarkable  of  these  possessed  only  one 
axis  of  double  refraction,  it  was  presumed  that  Huygen's  law 
wplicable  to  that  one  might  hold  good  in  all.  But  the  discovery 
of  crystals  with  two  axes  of  double  refraction  has  shown  the 
fallacy  of  this  generalization,  and  rendered  new  investigations 
necessary.  The  author  proceeded  to  observe  that  there  are  two 
modes  of  conducting  observations  on  double  refraction  and  pola- 
rization ;  the  one  is  founded  on  the  immediate  observation  of  the 
angular  deviation  of  the  extraordinary  pencil ;  the  other 
depends  upon  the  separation  of  a  polanzea  ray  into  compile- 
saentary  portions  by  the  action  oi  crystalUzed  laminae.  The 
author  preferred  the  latter  method,  and  after  pointing  out  its 
advantages,  observed,  that  to  render  observations  on  the  tints 
developed  by  polarized  light  available,  they  must  be  capable  of 
being  compared  with  one  another;  hence  the  importance  of 
knowing  the  existence,  and  tracing  the  laws  of  those  causes 
which  operate  to  disturb  their  regularity.  In  the  author's  first 
inquiries  on  the  polarization  of  Ught,  he  was  struck  by  the'  great 
deviation  from  the  succession  of  colours  in  thin  laminae,  as 
observed  by  Newton,  that  many  crystals  exhibited  when  cut 
into  plates  perpendicular  to  one  of  their  axes ;  and  finding  this 
phenomenon  unconnected  with  irregularities  in  their  thickness 
or  polish,  and  uniformly  repeated  in  different  and  perfect  speci- 
mens, he  was  led  to  inquire  into  their  causes,  especially  as  they 
appeared  to  form  an  unanswerable  objection  to  M.  Biot's  theory, 
which  perfectly  explains  the  tints  in  crystals  with  one  axis. 

In  the  several  sections  of  this  elaborate  paper,  the  author 
entered  into  a  detailed  description  of  the  phenomena,  which  are 
reducible  to  one  general  ftict,  viz.  that  the  axes  of  double  refrac- 
tion difiisr  in  their  position  in  the  same  crystal  for  the  differently 
coloured  rays  of  the  spectrum,  being  dispersed  in  one  plane  over 
an  angle  more  or  less  considerable  according  to  the  nature  of  the 
substance.  In  many  bodies,  the  magnitude  of  this  dispersion  of 
the  axes  is  comparatively  small,  while  in  others  not  remarkable 
for  a  high  ordinary  or  extraordinary  dispersive  power,  it  is  very 
great,  and  renders  all  computations  of  the  tints  in  which  it  is  not 
taken  into  account  completely  erroneous.  A  new  element  is 
thus  developed,  which  the  authoi;  observed  must  in  future  enter 
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into  ^  rigorous  formula;  of  double  refraction ;  and  another 
striking  instance  is  presented  of  the  inherent  distinction  between 
the  difi'erent  coloured  molecules  of  light.  At  the  same  time, 
continued  the  autlior,  by  the  complete  explanation  this  principle 
affords  of  all  the  more  perplexing  anomalies  in  the  tints,  me 
theoTy  of  oscillation  stands  relieved  of  every  difBculty,  and  may 
be  received  as  adequate  to  the  representation  of  all  the  pheno- 
mena of  the  polarized  rays,  and  entitled  to  rank  with  the  fits  of 
easy  transmission  and  reflection  as  a  general  and  simple  physical 
law. 

At  this  meeting  a  paper,  by  Dr.  Granville,  was  read,  entitled 
"  An  Account  ot  a  Case  of  Ovario-geatation."  The  subject  of 
tlii,s  case  having  died  suddenly,  and  under  circumstances  rather 
peculiar,  an  examination  of  the  body  was  instituted  to  discover 
the  cause  of  her  decease.  On  opening  the  abdomen  a  q^uantity 
.of  blood  was  found,  and  a  tumour  about  four  times  the  size  of  a 
hen's  egg  obstructed  the  view  of  the  internal  parts  of  generation. 
This  tumour  rested  on  the  left  portion  of  the  uterus,  and  upon 
examination  was  found  to  be  connected  with  the  left  ovarium. 
At  the  inferior  pari  of  this  tumour  diaphanous  membranes,  includ- 
ing the  rudiments  of  a  fcetus  of  about  four  months'  growth,  were 
observed.  Upon  further  examination,  it  was  found  that  the 
ovarium  where  it  enveloped  the  placenta  had  been  ruptured  by 
the  growth  of  the  fcetus,  and  to  the  loss  of  blood  thus  occasioned 
the  death  of  the  mother  was  attributed.  The  uterus  waa  consi- 
derably developed;  the  right  ovarium  was  healthy;  the  left 
fallopian  tube  was  also  sound,  and  unattached  to  the  tumour. 
The  different  stages  of  the  dissection  were  illustrated  by  beauti- 
ful drawings  made  by  Mr.  Bauer. 

Jan.  20, — A  paper,  by  Edmund  Davy,  Esq,  was  begun,  entj- 
titled  "  On  some  new  Combinations  of  Platinum." 
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Sixth  Annual  Report  of'  the  Council. — ^The  state  of  compara- 
,  tive  maturity  to  which  the  Society  has  now  arrived  affords  leas 
interesting  matter  for  remark  than  during  its  early  progress. 
The  Council,  therefore,  in  discharging  this  their  annufj  duty  to 
the  members,  have  little  left  them  to  do  but  to  call  their  atten- 
tion to  the  respectable  rank  which  the  Institution  has  attained, 
and  to  urge  the  necessity  of  their  continued  patronage  to  insure  J 
its  stabiUty,  I 

Independently  of  the  intrinsic  advantages  of  an  Institution  of  I 
this  kind  in  gradually  adding,  by  the  labours  of  its  members,  to  J 
the  knowledge  of  the  physical  structure  of  Cornwall,  it  possessea  fl 
a  secondary  value  by  attracting  to  this  part  of  the  county  indi-  1 
Tidu^  eminent  for  their  genius  and  scientific  acquirements,  I 
ivbose  presence  cannot  fail  to  be  useful  to  any  place  which  tbej  I 
Uftit.  I 

Owiu^  to  expenses  incidental  to  the   completion  of  a  ne'^J 
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museum,  the  funds  of  the  Society  have  not,  as  was  expected,  as 
yet  justified  the  addition,  by  purchase  of  any  new  minerals  to 
-the  cabinet ;  neither  have  the  donations  been  so  numerous  and 
splendid  as  last  year.  The  Society  has,  however,  been  favoured 
^^th  not  a  few  s^cimens,  as  weU  from  memberB  as  others. 

The  communications  on  geology  and  the  branches  of  science 
-connected  with  it  have  been  numerous  and  valuable,  and  the 
ouantity  of  information  contained  in  several  of  these  respecting 
the  structure  of  the  county  and  its  mineral  repositories,  renders 
it  the  duty  of  the  Council  to  lay  them  before  the  pubUc  as  soon 
iu(  materials  for  a  second  volume  are  accumulated^  a  period 
probably  at  no  great  distance. 

The  Council  regret  that  the  backwardness  of  many  of  the 
members  who  have  it  most  in  their  power  to  forward  some  of 
the  most  interesting  objects  of  the  Institution,  justifies,  and 
indeed  renders  necessary,  the  repetition  of  the  following  appeal 
to  their  liberality  and  zeaJ. 

'*  The  Council  cannot  avoid  expressing  their  regret  that  so  few 
jiew  specimens  have  been  obtained  from  the  county  mines ;  and 
that  consequently  the  department  of  the  cabinet  set  apart  for  the 
reception  of  indigenous  ores,  which  ought  to  be  particularly  rich 
and  splendid,  continues  to  be  defective,  and  is  ecUpsed  by  many 
other  collections,  as  well  public  as  private ;  a  circumstance 
uniformly  exciting  the  suiprise  of  strangers. 

**The  Council  earnestly  request  the  attention  of  members  to  the 

fraud  object  of  the  Institution ;  that,  namely,  of  enlarging  our 
nowledge  of  the  geological  structure  of  Cornwall.  It  is  impos* 
sible  for  a  few  members  to  undertake  the  investigation  of  the 
whole  county.  It  is,  therefore,  hoped,  that  with  a  view  at 
enabling  the  Society  to  complete  its  long-promised,  but  still  veiy 
defective  geological  map^  members  will,  in  their  respective  dis-- 
tricts,  endeavour  to  ascertain  the  nature  and  relations  of  the 
rocks,  and  transmit  their  observations  made,  and  specimens 
collected,  from  time  to  time,  to  the  Secretary,  who  will  be  very 
ready  to  assist  their  inquiries  by  any  advice  or  information  in  hik 
power.  Any  person,  even  although  unacquainted  with  theprin^ 
ciples  of  g;eological  science,  can,  it  is  obvious,  collect  specimens 
of  the  various  rocks  in  his  vicinity ;  and  members  are  requested 
to  bear  this  in  mind,  with  the  assurance  that  collections  of  Uii& 
kind,  with  the  various  localities  of  the  specimens  Bffijced,  ynXL 
very  materially  promote  the  important  object  in  vi-ew.  One 
-grand  desideratum,  and  which  might  be  very  easily  supplied  by 
members  resident  in  the  different  parts  of  the  county,  is  to  ascer-^ 
tain  the  exact  limits  of  the  different  Granite  and  Kiltas  districts. 
The  farmers  and  miners  in  any  part  of  ComwaJ\  could  give  tlira 
information  to  any  gentleman  that  would  t?Jie  the  trouble  to 
record  it,  or  to  trace  the  boundary  lines  in  any  of  die  coun^ 
BiBps."  By  order,  John  Fobbes,  Sec-. 

S^A  gl,  1819. 
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The  following  papers  bave  been  read  since  tbe  last  report ; 

I.  Ob  the  Throw  of  Veins.  By  Fred.  Hall,  Esq.— 11.  On  the 
Importance  of  Mineralogical  and  Geological  Knowledge  to  the 
practical  Miner.  By  J.  Forbes,  M.D.  Sec— III.  On  the  Granite 
Veins  of  Cornwall.  By  J.  Came,  Esq.  F.R.S.  Hon.  M.G.S. 
Member  of  the  Society. — IV.  An.  Account  of  the  Alluvial  depo- 
sitions at  SandrycocK.  By  the  late  P.  Rashleigh,  Esq. — 
V.  Observations  on  the  Alluvial  Strata  of  Poth,  Sandrycock,  and 
Peatuan.  By  J.Hawkins,  Escj.  F.R.S.  M.G.S.  Hon.  Member  of 
the  Society. — VI.  Ou  the  Precipitation  of  Copper.  By  J,  Came, 
Esq.  F.R.S.  &.C.— VII.  On  the  Geology  of  Saint  Michael's 
Mount.  By  Dr.  Forbes— Vlll.  On  Elvan  Courses.  By  D. 
Gilbert,  Esq.  Vice-President  of  the  Royal  Society,  President. 
— IX.  On  the  Intersection  of  Lodes  in  the  Direction  of  their 
Dip  or  Underlie.  By  J.  Hawkins,  Esq.  F.R.S.  &c.— X.  On  the 
Geology  of  the  West  of  Cornwall,  Part  II.  By  Dr.  Forbes.— 
XI.  Appendix  to  the  above.  By  Prof.  Jameson. — XII.  Obser- 
vations and  Experiments  on  the  Construction  and  Use  of  a 
Safety  Bar.  By  J,  Ayrton  Paris,  M.D.  F.L.S.  Hon.  Member  of 
the  bociety- — Xlll.  On  the  different  Processes  employed  in 
Blasting  Rocks  ;  being  an  Appi^ndix  to  Dr.  Paris's  paper.  By 
Dr.  Forbes. — XIV.  On  the  lemperature  of  the  Mines  of  Corn- 
wall. By  R.  W.  Fox,  Esq.  Member  of  the  Society.— XV.  On 
the  Temperature  of  Mines.  By  Dr.  Forbes. — XVI.  Notice  on 
the  Geology  of  the  Neighbourhood  of  Sidmouth.  By  C.  Wor- 
thingtoE,  Esq. — XVII.  On  the  Origin  of  the  Cornish.  By  the 
Rev.  S.  Greatheed.— XVIII.  Notice  on  the  Cornish  Minerals  in, 
the  British  Museum.  By  C.  Konig,  Esci-  F.R.S.  Hon,  Member 
of  the  Society. — XIX.  On  the  Transmission  of  Heat  through 
different  Surfaces.  By  R.  W.  Fox,  Esq.— XX.  Notice  on  the' 
Coal  Field  of  Pontypool.  By  \V.  LlewelUn,  Esq.— XXI.  Onan 
Ebbing  and  Flowmg  Spring.  By  M.  Tracelle.— XXII.  Notice 
on  the  Employment  of  a  Mixture  of  Sawdust  and  Gunpowder  in. 
Blasting  Rocks.  By  Sir  C.  Hawkins,  Bart.  M.P.  F.R.S.  a  Vice- 
President  of  the  Society. — XXIII.  Notice  of  the  Quantity  of 
Tin  and  Copper  raised  in  Cornwall ;  and  of  the  Quantity  of 
Copper  raised  in  Great  Britain  and  Ireland  in  the  Year  ending 
Jime  30, 1819.     By  Joseph  Carne,  Esq.  F.R.S.  8cc. 

At  the  Anniversary  Meeting,  Sept.  21,  1819,  D.  Gilbert,  Esq. 
M.P.  V.P.R.S.  Pres.  in  the  Chair,  the  Report  of  the  Council 
being  read,  it  was  resolved. 

That  it  be  printed  and  circulated  among  the  members. 

That  tbe  thanks  of  the  Society  be  presented, 

1.  To  the  authors  of  the  various  papers  read ;  and  the  donors 
of  specimens,  books,  &,c. 

2.  To  the  officers  of  the  Society. 

That  tile  papers  of  Dr.  Paris  and  Dr.  Forbes  on  the  subject  of 
blasting  rocks  be  printed  and  circulated  among  tVietoM.wfeiwi.vft.e'i^ 
Vol.  XV.  N°  77,  X 
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Comparative  View  f^the  Number  of  Memher$,^^\Mst  annivter- 
aarf ,  172 ;  removed  and  dead/ 12 ;  elected  this  year,  4 ;  total,  164*. 

Officers  and  Council  for  the  present  Year. 

President. ^J).  Gilbert,  Esq.  M.P.  V.P.R.S,  &c.  &c. 

Vice-PresideTtts. — Sir  Rose  Price,  Bart. ;  Sir  W.  Lemon,  Bart*;. 
L.  C.  Daubuz,  Esq. ;  Rev.  G.  Trcwceke. 

Secretary, -^cma  Forbes,  M.D. 

Treasurer. — Hemy  Boase,  Esq. 

Librarian. — Rev.  C.  V.  LeGrtce,  A.M. 

Curator. — Edward  C.  Giddy,  Esq. 

Assist ant^Secretary. — R.  Moyle,  Jun,  Esq. 

The  Council.— J,.  Came,  Esq. ;  T.  Hartfcy,  Esq.;  M.  P.  Moyle, 
Esq, ;  J .  Rule,  Esq. ;  J.  Tremenheere,  Esq. ;  Rev.  Uriah  Tonkin ; 
J.  Giddy,  Esq,^  W.  Sandys,  Esq,;  G.  D.  John,  Es<5^;  J.  Ste- 
vens^ Esq. 


Article  IX. 

SCIENTIFIC   INTELLIGENCS,   AND    NOTICES    OF  i>UBJECTS 

CONNECTED    WITH    SCIENCE. 

I.  Analysis  of  a  Specimen  of  Blende.   By  Da  Menil,  Apothecary 

at  Wunstorf. 

The  colour  of  the  nuneral  was  reddish-brown.  Its  fracture 
was  foliated.  Its  specific  gravity  was  4*06 1.  Its  powder  was 
light-brown .  The  analysis  conducted  in  the  same  manner  as  mine, 
described  in  a  preceding  volume  of  the  Annals  of  PhihsopJiy^ 
gave  the  following  constituents  : 

Sulphur. 11-58  23-16 

Zinc 34-24  68-48 

Iron 4-04   8-08 


49-86  99-72 

Loss 0-14  0-28 


60-00  100-00 

(S6hweigger*s  Journal,  xxiv.  67.) 

II.  Chenucal  Analysis  of  Egeran.    By  Stanislaus  Count  Dunim 

Borkowski. 

The  mineral  called  Egeran  by  Werner,  and  considered  by  him 
as  a  species  distinct  from  idocrase,  is  found  at  Hasfam,  near 
Eger,  in  Bohemia,  and  has  for  some  years  been  well  known  to 
mineralogists.  Haiiy  considers  it  as  a  variety  of  idocrase  ;  and 
as  &r  as  can  be  judged  from  the  cleavage,  tiiis  c^nioa  seem  to 
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be  so  far  correct  that  the  primitive  form  of  the  crystals  is  the 
same  in  both.  At  the  same  time  there  is  a  considerable  differ- 
ence in  the  appearance  of  the  two  minerals,  and  hkewise  in  the 
chemical  composition,  though  this  last  may  be  owing  to 
foreign  matter  with  whicli  the  Egeran  is  always  contaminated. 
Its  specific  gravity  is  3'294.  The  following  table  eichibits  the 
constituents  of  Egeran,  as  determined  by  the  analysis  of  Count 
Borkowski : 

Silica 41 

Alumina 22 


L 


Lime  . 


.  22 


Manganes 
Potash.  . , 


97 

s  Journal, : 


(Schweigger's  Journal,  xxiii.  387.) 
Idocrase,  according  to  the  analysis  of  Klaproth,  is  composed 


Silica 

Alnmma 

Lime 

Oxide  of  iron  ...... 

Oxide  of  manganese. 


.  85-50 
.  22-25 
.  33-00 
.  7-50 
.     0-25 

96-50 

3  lime  than  idocrue- 


^a^^w^^^ran  contains  less  silica  and  n 

But  if  a  mineral  from  Siberia,  which  Klaproth  considered  as  aa 
idocrase,  was  really  one,  as  there  is  every  reason,  from  hia 
description  of  it,  to  conclude,  then  the  composition  of  idocrftsa 
and  Egeran  is  more  nearly  the  same.  Klaproth  found  the  con^ 
position  of  the  Siberian  mineral  aa  follows  : 

Silica 42-00 

Alumina 16-2^ 

Liwie 34-00 

Oxide  of  iron 5*50 

Oxide  of  manganese Trace 

97-75 

The  specific  gravity  of  the  Siberian  mineral  was  3-365 — 
3-390.  Its  colour  was  dark  ohve-green.  The  crystals  were 
rectangular  four-sided  prisms,  with  the  edges  sometimes  so 
mach  truncated  that  they  assumed  the  apfeaiance  of  eight-sided 
prisms. 

in.  New  Nickel  Ore. 

CroDBtedt  made  known  a  new  nickel  ore  found  ^VA^t^Km^^Vti-- 
k3  '    'M 
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Sweden  ;  but  did  not  describe  it.    Prof.  Pfaff,  of  Kiel,  has  lately 
published  a  description  and  analysis  of  it.     Of  these  I  shall  give' 
an  abstract  in  this  place. 

The  colour  of  the  mineral,  when  recently  broken,  is  light  leajd- 
grey,  approaching  to  tinrwhite  ;  but  it  gradually  tarnishes^  and 
approacnes  the  appearance  of  copper  nickeL 

It  occurs  massive. 

The  lustre  of  the  fracture  is  splendid  and  vitreous. 

The  fracture  is  foliated. 

Composed  of  granular  distinct  concretions,  resembling  steel- 
grained  galena. 

Fragments  indeterminate  and  blunt-edged. 

Opaque ;  streak  similar. 

Semihiard ;  very  easily  frangible ;  specific  gravity,  6*129.  Its. 
-constituents  are  as  follows  : 

Nickel 24-42 

Arsenic 45*90 

Iron 10-46 

Sulphur 12-36 

93-14 
(Schweigger's  Journal,  xxii.  253.) 

IV.  Position  of  Lyons. 

In  the  year  1811,  Baron  von  Zach  determined  the  latitude  of 
tins  city  by  means  of  262  observations  to  be  45°  45'  57*37''. 
Gabriel  Mouton,  a  celebrated  astronomer  of  Lyons,  during  the 
17th  century,  determined  the  latitude  to  be  45°  45'  35*  1".  But 
the  position  of  his  Observatory  is  not  accurately  known.  The 
longitude  is  10'  in  time  E.  from  Paris,  or  22°  29'  9"  E.  of  Ferro. 
—(Correspondence  Astronomique  du  Baron  de  Zach,  i.  205.). 

V.  Clock. 

The  first  clock  ever  known  in  France  was  erected  in  the  fifth 
century,  in  the  Cathedral  church  of  Lyons.      Gondebaut,  or 
Gombaut  III.  Bang  of  Burgundy,  having  been  informed  that 
Theoderic,  King  of  the  Goths,  who  resided  at  that  time   in 
Havenna,    had  machines  which  marked  the  order   of  time, 
according  to  the  movements  of  the  heaven  and  stars,  wrote  to 
him  requesting  to  have  one.     Theoderic  gave   orders  to  the 
celebrated  Boccius  to  make  for  him  two  such  as  perfect  as  pos- 
sible.   Theoderic  sent  them  to  Gondebaut,  with  an   excellent 
letter  which  naay  be  seen  in  the  works,  of  Cassiodorus,  Secretary 
of  State  to  Theoderic,  who  was  accustomed  towards  the  end  of 
jbis  days,  after  he  had  retired  from  public  affairs,  to  amuse  him*- 
self  with  /naking  que^drants,  clocks,  and  perpetual  lampsw— » 
^Ibid.  p.  226.) 
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VI.  Declination  of  I  he  Needle  at  Lyom, 

1751,  in  November 15°  46'W 

1752 16  00 

1755,  in  December 16  30 

1757,  ill  December 17  15 

1760 18  ,"30 

1761 18  45 


Thus  the  increase  amomits  to  9'  or  10'  in  the  year.— (Ibid.  p.223> 
VII,  Position  of  Lucca. 
Father  Ioa;hirami,  during  a  residence  at  Lucca  in  1SI8,  hact 
au  opportunity  of  making  a  set  of  observations  to  determine  the 
latitude  and  longitude  of  this  celebrated  city.  The  following  are 
the  resultE  : 

Latitude 43°   50'   49-5" 

Longitude 28     10    25-9  E.  of  Ferro. 

In  1809,  Baron  von  Zach  determined  the  difterence  between 
the  longitudes  of  Pisa  and  Lucca  by  means  of  a  chronometer. 
The  result  gave  him  for  the  longitude  of  Lucca, 

28°  10'  25-8" 
a  result  which  almost  coincides  with  the  observations  of  Inghi— 
rami. 

The  latitude  of  Lucca,  determined  by  Baron  von  Zach's 
observations,  is, 

43=  50'  50-54". 

Numbers  which  likewise  correspond  welt  with  the  determiaa- 
tion  of  Inghirami. — (Ibid.  p.  227.) 

VIII.  Position  of  Montpellier. 
The  latitude  of  Montpellier  was  ascertained  in  1811,  by  Baron 
von  Zach,  and  found  to  be 

43^36'  15-71" 
The  longitude  is  6'  10"  in  time  E.  from  Paris, — (Ibid.  p.  247.) 

IX.  Determination  of  some  Placesonthe  Coast  of  Sicily, 
By  Mr.  Charles  Rumker. 


Fiumicino 

Isle  of  Ustica.  . . . 
Isle  of  Maritimo.  , 
Isle  of  Favignana . 
Girgenti 


.41°  45'  0U"29''  52'  00"  E.  ufFerro^ 

.  38  4}  01    30     52       0 

,38  1  00   29     43  45 

.37  67  00   29     55       9 

.137  15  52   31     U  1\ 
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X.  Occultations  of  Stars  behind  the  Moan,  observed  at  the  Obser-^ 
vatory  of  the  Royal  Academy  of  Turin  bttvseen  1812  and  1817^ 
with  an  Achromatic  Telescope,  of  Dolland,  of  42  Inches  Focus, 
and  44  Lines  of  Opening.    By  M.  Plana,  AstroiUHner  Royal. 

I  am  induced  to  copy  the  following  taUe  on  account  of  the 
great  utility  tkat  it  may  be.  of  to  navigators,  8cc.  in  determining 
me  longitude  pf  places.  Tbe  lon^tude  of  Turin  being  accurately 
known,  and  the  observations  of  M.  Plana  being  cefebrated  for 
their  accuracy. 


Date. 

Star  eclipse<{. 

Mean  f  olar  time. 

Circumstances. 

1812. 

Oct  21 

e  of  Taurus. 

lOh     7'   68-8" 

iflMi« 

22 

6*  of  Taarui. 

8    42    47-2 

imro. 

22 

Aldebaran. 

12      4    32-5 

imm. 

1813. 

Harch   6 

fi  Bal  sense. 

9    26    500 

imro. 

8 

Aldebaran. 

S  7      2      63 
?   8     13     14*5 
510    56    40-2 
212     16      6-6 

imm. 

..•....*••   • 

emer. 
imm. 

ikpril  17 

y  Libre. 

m 

emer. 

A  little  doabtfol. 

Nov.    7 

/!x  Balsnas. 

12    56      7-2 

imm. 

Dec.  S8 

•^  Aquarii. 

5   8      7    50-6 
2  9    14    35-3 

iimn. 

emer« 

DottbtfuLtoa^QtS^ 

1814. 

Jan.    1 

fx  Balaenae. 

9    51     15-9 

imm. 

Nov.  26 

/A  HaSaMiae. 

4    57    50-3 

imm. 

1815. 

Harch  19 

S  Gemini. 

511     44    20-7 
^12    29      8-8 

imm. 

.   ■ 

imer. 

Doubtftil  to  1"  or  if\ 

1816. 

Feb.  19 

B  Scorpion. 

C15    20    40*4 
il6    22       8«3 

imm. 

/ 

emer. 

Doubtful. 

Oct.    4 

30  Piscis. 

10     15      2-4 

imm. 

Nev.  12 

1}  Leooit. 

514     18    54-1 
^15    It8     18-7 

imm. 

Rather  donbtfoK 

emer. 

1817. 

Feb.    2 

1)  Leon  is. 

10    SO    271 

imm. 

8 

X  Librs. 

5 16     16    56*1 
}M    28    28  9 

imm. 

• 

emer. 

lAarch29 

ri  Leonis. 

5   7     22    49  9 
^   8    34    55-5 

imm. 

emer. 

1"  of  uncertainty. 

(Ibid.  p.  272-) 

XI.  Position  of  Places  on  the  Coast  of  the  Adriatic  Sea,  deter- 
mined by  Capt.  Smyth. 


Isle  of  Faoo  (western 

point) 

Isle  of  Merlere 
Capo  Drasti 


*  • .  •  • 


Latitude. 


Fort  Alessandro  atVido 
Cipo  Biaaco 

■  >  pwm  wi^ii  ■        111! 


39° 

39 

39 

39 

39 


50' 

52 

47 

38 

20 


20" 
60 
10 
6 
60 


Longitude  £• 
From  Greenwich.      From  Fcrro. 


19° 

19 

19 

19 

20 


19'  50" 
35  10 


42 

66 

6 


0 
38 
60 


36?  69'  Z&' 

37  14  66 

37  21  46 

37  35  23 

37  45  35 
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The  positiou  of  the  coasts  of  the  Adriatic  Sea  not  being  yet 
-wdldeterminedy  Baron  von  Zach  has  added  a  few  more  facts  to 
those,  abore  stated  by  C^pt.  Smyth.  It  will  be  worth  while  to 
mention  some  of  the  principal  of  these. 

1.  Lecce,  a  town  between  Otranto  and  Brindisi,  the  Aletiucd 
of  the  ancients,  was  visited  by  Rizzi-Zannoni  in  1786,  who, 
being  provided  with  an  excellent  Ramsden's  quadrant  of  two 
feet  radius,  determined  its  position  as  follows : 

Latitude,  40*»  4V  4-2''. 

2.  Baron  von  Zach,  being  at  Venice  in  1807,  determined 
the  position  of  a  great  number  of  places  in  that  city.  It  wiU  be 
sufficient  to  give  one  of  these  here ;  namely,  the  steeple  of 
St.  Mark. 

Latitude. 45°  25'  58-1'^ 

Longitude 30      0    37-2  E.  from  Ferro. 

3.  Being  at  Rimini  in  1808,  a.  city  belonging  to  the  states  of 
the  church,  Baron  von  Zach  determined  the  position  of  the 
following  places : 


Rimini  le  fanal 

Rimini  palais  Garampi . . . 
Tour  de  la  Fontanella.  . . . 
Convent  sur  le  mont  Laro 


Latitude. 


440      4/  37// 

44      3  46 

43    59  21 

43    54  43 


Loogitude    from 
Ferro. 


30°  12'  18'^ 

30  12  36 

30  18  37 

30  24  20  . 


4.  In  1799  the  Austrian  government  sent  the  astronomer 
M.  Bogdanich  into  Hungary  to  determine  the  geographical 
position  of  the  principal  places.  Among  the  rest  he  determined 
the  position  of  the  two  following  places  on  the  coast  of  th« 
Adriatic. 


Fiumi  (garden  of  the  Cordeliers).  . . 
Carlopago  (garden  of  the  Comm.) . . 


Latitude. 


45°  20'    10" 
44    31     35 


Longitude. 


32°     5'   20^'' 
32    54    40 


5.  M.  Quenot  on  his  return  from  the  unfortunate  expedition  to 
pt  about  the  end  of  1798,  determined  the  position  of  the  two 
wing  places  : 

Latitude.  Longitude. 

.  Ragusa 42*"  36'  30^'   35°  51'   40'' 

Lissa 43     10    00     33     51     00 

6.  The  brother  of  Baron  von  Zach,  at  that  time  in  the  Aus- 
trian seihrtGe,  was  employed  between  \9fi\  Qj[kd.\%^b  m  TCisSiiiJcsv^ 
z  wttvey  of  ibe  Duchy  of  Venice.    He  det^tixttEwedk.  VX:ue^  ^^«il^^:^ 
^Om  AMawiogpUo&i  on  the  «M»at  oi  Ihft  Mu^lUc  \ 
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Latitude. 


LoDgitadeu 


Aquileja 46® 

Bocca  de  TIel '46 

Caorle  (Porto  di  Falcongra) j45 

Capo  d'Istria  (Istria) '46 

Cavolino  (Porto  di  Reve-vecchia)  ...'46 

Duino  (Porto  dei  Bagni) '46 

Fiume • '45 

Grado  (Porto  Grado) 46 

Marano 46 

Nardo  cortello. 46 

S.  Georgio  di  Pirano  (Istria). 
Trieste 


•  •  •  •  •  ■ 


45 
46 


45' 

64"  31" 

2' 

4" 

41 

0  31 

9 

4 

35 

42  30 

33 

49 

30 

36  31 

22 

33 

28 

61  30 

13 

27 

46 

60  31 

3 

43 

20 

12  32 

6 

30 

40 

17  131 

3 

36 

29 

28  29 

40 

54 

40 

9  ,30 

44 

32 

29 

44  31 

14 

19 

38 

30  31 

26 

63 

7.  Boscovick  and  Maire,  while  employed  in  laying  down  a 
map  of  the  states  of  the  church,  determined  the  position  of  the 
foQovving  places : 


Ancona « 43° 

-Cervia 44 

Comacchio 44 

Fano. . . , 43 

Fermo 43 

Loreto 43 

Pesaro 43 

Ravenna 44 

Rimini 44 

Ripa  transone 43 

SiiiigagUa 43 


ti(ud( 

E. 

LoDgUnde. 

37' 

64"  . 

31°  9'  45" 

16 

31   . 

30   0  21 

40 

27  . 

29  50  40 

61 

0  . 

30  40  31 

10 

18  . 

31  22  19 

27 

0  . 

31  15  43 

65 

1   . 

30  34  14 

25 

6  . 

29  31  29 

3 

43  . 

30  13  29 

0 

24  . 
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43 

16  . 

30  52  23 

(Ibid.  p.  274.) 

XII.  Isle  of  Elba. 

It  has  been  commonly  believed  that  the  Isle  of  Elba,  in  con- 
sequence of  the  inexhaustible  mines  of  iron  in  which  it  abounds, 
especially  Mount  Calamita,  which  is  supposed  to  be  a  solid 
mass  of  loadstone,  has  a  sensible  effect  upon  the  needle.  Hence 
it  has  been  thought  that  vessels  in  the  neighbourhood  of  this 
island  could  no  longer  depend  upon  the  declination  of  their 
needles,  being  the  same  as  at  a  distance.  This  was  tried  by 
Mr.  Charles  Rumker  in  1818,  but  at  the  distance  of  two,  three, 
or  four  nautical  miles  from  the  island  he  did  not  find  that  the 
needle  in  his  vessel  was  in  the  least  affected  by  the  action  of  the 
island.  The  variation  of  the  compass  was  18°  18'  40"  W. — 
(Ibid.) 

XIII.  Population  of  the  Calton  in  Nov.  1819. 

The  Calton  is  a  suburb  of  Glasgow  inhabited  chiefly  by  jour- 
neymen manufacturers.  It  has  been  lately  erected  into  a  burffh 
of  barony,  and  in  consequencei  the  foUowmg  enumeration  of  tne 
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inhabitants  and  of  their  professions  was  taken.  It  is  a  document 
of  80  curious  a  nature  that  I  think  it  well  worth  preserving,  by 
inserting  it  into  a  journal  more  likely  to  be  preserved  than  a, 
common  newspaper, 

^^H  Female  householders 1958 

^^H  Labourers  and  porters 1097 

^H  Weavers 5132 

^^H  'Wrights  and  sawyers 601 

^H  Shoemakers 721 

^H  Taylors 253 

^^H  Cotton  spinners 839 

^^H  Manufacturers 120 

^^H  Merchants  (shopkeepers) 101 

^^^^  Warpers  and  starchei's 283 

^^H  '  Trailers  and  toolmakers 125 

^^H  Blacksmiths  and  tinsmiths 233 

^^H  Booksellers 57 

^^H  Dyers  and  hatters 96 

^^H  Warehousemen 153 

^^H  'Bricklayers  and  plasterers 178 

^^H  Masons  and  slaters 229 

^^m  Butchers 68 

^^H  Preachers  and  teachers 64 

^^H  Clerks  and  surveyors 119 

^^^1  Barbers  and  hecklers 52 

^^^t  Engravers  and  founders 100 

^^^K  Printers  and  turners 76 

^^^B  Causewayeis 38 

^^H  Cloth  cappers 46 

^^H  Letter  carriers 18 

^^H  Messengers  and  sheriff  ofhcers 15 

^^H  Hosiers 105 

^^H  Watchmakers  and  china  dealers 23 

^^^B>^  Brush. and  umbrella  makers 33 

^^^1  Saddlers  and  tanners 20 

^^^K  Brokers  and  pedlars 70 

^^^B  Coopers  and  gardeners 49 

^^^H  Pensioners  and  sailors 101 

^^^K  Watchmen  and  chapmen 71 

^^^p  Cowfeeders 45 

^^^K  Glass  and  pin  makers,  engineers 51 

^^^K  Brewers  and  bakers 217 

^^^B  Carters  and  horse  dealers 209 

^^^H  Portioners  and  surgeons 28 

^^^B  Lodgers  and  servants 1309 

^^^^  tjroccrs  and  spirit  dealers 512 

^^L  15,616 
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Natiom, 

Scotch 12^22 

Irish. 3;212 

jSiglish ; 162 

Aniericans ~   8 

Qermans 3 

Swedes.'  •.•.•...•. 3 

Italians •  •  • •...••  6 

16,616 

XIV.  Meteorological  Obtervatiom  at  Cork,    By  T.  Holt,  Esq. 

(WithaPlate.    See  CI.) 

(To  Dr.  Thomson.) 
DEAR  SIR,  Cork,  Oct.  9»  1819. 

I  ENCLOSE  you  the  report  of  my  meteorological  observations 
made  in  and  near  Cork,  for  the  third  quarter  of  1819 ;  and 
am,  dear  Sir,  with  due  respect. 

Your  obedient  humble  servant^ 

Thomas  Holt. 


REMARKS. 


JULY. 

1.  Cloudy  ;  dry. 

2.  Rainy  morn  and  CYeoio^ 

3.  Cloudy, 

4, 5,  6.  Hright  days. 

7.  Bright;  breeze. 

8.  Dry  ;  clouded. 

9.  10,11,  12.  Bright  days. 

13.  Dry ;  overcast. 

14.  Rainy  morning  ;  cloudy. 

15.  CloH^y;  showers. 

16.  Dry,  dull  djay. 

17.  Bright. 

18.  Rainy ;  cloudy.' 

19.  Rainy;  showery  day, 

20, 21,  22, 23,  24.  BrigW  days. 

25.  Cloudy ;  showers. 

26.  Dry  ;  cloud  v. 
27,28/29,30,31.  Bright  days. 

august: 

1.  Bright  5  thunder. 

2.  Ditto  ;  lightning  and  Ibnnder,  with 

rain.  .      . 

3.  Overcast;  dry. 

4.  Bright. 

5.  6.  Cloudy ;  light  shoiveisw       -    • 

7.  Cloudy;  dry. 

8.  Heavy  showers. 

9.  Cloudy  I  dry. 

10.  Ditto  ;  miny  evening. 

11.  Cloudy;  dry. 

12.  Rainy. 


15.  Overcast;  dry. 
14.  Ditto,  ditto. 
Id.  Bright. 

16.  17,  18.  Bright  days;  fog  morning 

and  evening. 
19,  20, 21, 22,  2.1,  24.  Bright  days. 

25.26.  Clouded,  dry  days. 

27.  Bright. 

28,29.  Heavy  showers. 

30.  Ditto,  ditto,  windy. 

31.  Dry;  windy. 

SEPTEMBER. 

1.  Bright. 

2.  Cloudy  ;  rainy  evening. 

3.  Bright. 

4.  Rainy  morning  nnd  evening. 

5.  Bright ;  occasional  showers. 

6.  Cloudy. 

7.  Bright. 

8.  Cloudy;  light  showers. 

9.  Rainy  morn  ;  light  showers. 

10,  11,  12,  13,  14,  15,  16.  Bright  days. 

17.  Cloudy. 

18.  Bright. 

19.  Overcast. 

«0,  21,  22,  23.  Bright  days. 
24,25.  Light  showers. 

26.27.  Fair;  rainy  evenings. 

28.  Bright;  occasional  showers. 

29.  Bright;  windy. 

30.  Rainy ;  windy. 
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XV.  'New  Rocliets. 
Capt.  Schumacher,  brother  of  Professor  Schumacher,  Aatro- 
nomer  Royal  at  Copenhagen,  haa  invented  a  new  kind  of  rocket, 
which  is  said  greatly  to  surpass  the  Congreve  rockets,  both  in 
their  force  andin  the  accuracy  with  which  they  may  be  thrown. 
The  King  of  Denmark  has  established  a  new  corps  of  artilleir 
{Baketer-corps)  commanded  by  Capt.  Schumacher,  whose  busi- 
ness is  to  throw  these  rockets.  They  ascend  to  a  veiy  great 
height  in  the  air;  and  when  they  have  reached  the  highest 
point,  a  globe  of  fire  makes  its  appearance,  which  is  so  vivid  that 
it  may  be  seen  at  the  distance  of  71)  miles.  Capt,  Schumacher 
elevated  them  in  the  island  of  Hjelm  in  1816,  and  they  were 
seen  distinctly  by  his  brother  at  Copenhagen  at  the  distance  of 
17-^  German  miles.— (Correspondence  Astronomique  du  Baron  ■ 
de  Zach,  i,  p.  266.) 

XVI,  Pink  Sediment  of  Urltie.  By  Dr.  Prout. 
I  lately  had  an  opportunity  of  examining  the  most  marked 
specimen  of  pink  sediment  I  had  ever  seen.  It  consisted  almost 
entirely  of  the  litkate  of  ammonia.  Pink  sediments  in  general 
consist  either  of  this  substance,  or  of  the  lithate  of  soda  mixed 
with  more  or  less  of  the  phosphates.  When  the  lithate  of  soda 
and  the  phosphates  prevail,  the  sediment  usually  assumes  the 
form  of  what  has  been  denominated  the  lateritious  sediment.  In 
specimens  of  this  latter  description,  I  have  several  times  found 
nitric  acid  ;  and  in  all  cases  I  have  satisfied  myself  that  the  red 
colour  of  these  sediments  depends  upon  some  slight  mixture  of 
the  purpurate  of  ammonia,  or  of  soda,  according  as  the  sediment 
itself  eonsisls  of  the  Hthate  of  ammonia  or  soda.  Perhaps  the 
Formalion  of  the  purpuric  acid  may  be  explained  by  supposing 
that  the  nitric  and  lithic  acids  are  secreted  together,  and  that  the 

purpuric  acid,  or  rather  the  purpurate  of  ammonia,  is  formed  bf 

'--  -^tion  of  the  nitric  upon  the  hthic  acid. 
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Meteorological  i 

^bservalioits. 

1 
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ANNUAL  RAIN  TABLE. 

Month. 

Raia. 

Evaporation. 
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March 
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As  the  evaporation  for  tbe  yrar  exceeds  the  quantity  of  mliH  It  my  ^  «dvte*> 

ble  to  describe  tbe  evaporating  appamtot.    It  coatitts  of  a  bollow  cyliafci^  mam 

Coot  in  diameter,  elevated  to  tbe  lame  height  as  the  rain-gsage,  and  sbeHeivd  hj  a 

MfP^MT #»#i;  placedMomt  iacbes  above  the  edge  of  the  bason,  Tbe  etet  nf  tbe  imC 

project,  wbiehpermitttifrtt  cnrreiit«CiilT,buteic\udeiihermiB«  > 
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REMARKS. 

Twelfth  Month, — 1.  Cloudy.  S.  Rainy  morning.  3.  Hoar  frost:  fine  dfty» 
4.  Rainy  morning  and  evening.  5,  6.  Overcast.  7.  Some  snow  tbif  morning: 
mocli  wind  at  night.  8.  Fine:  windy :  thermometer  at  Tottenham,  leP,  9.  Snow 
in  the  night,  covering  the  ground  above  an  inch  deep.  10.  Cirrus,  Cirrocumuius : 
fine:  thermometer  at  Tottenham,  8°,  11.  Very  foggy  morning:  gloomy  day. 
12.  Morning,  fine:  snow  and  sleet,  p.m.  IS.  A  little  sleet:  about  six,  p.  m.  a 
shower  of  rain,  after  which  it  began  to  freeze  again.  14.  Cirrocumulug:  fine. 
15.  Foggy  morning:  athaw  commenced  about  10,a.  m.  and  went  on  till  about  the  same 
hour,  p.  m.  16,  Foggy :  frost  continued  through  the  day,  but  at  night  it  was  very 
stormy,  with  rain  from  the  S  and  SE.  17.  Rainy.  18—20.  Cloudy  and  gloomy. 
21.  Rain.  23.  Cirrus,  Cirrostratus,  Cumulostraius,  24—27.  Hoar  frosts  :  fair. 
28.  A  pretty  considerable  fall  of  snow,  leaving  an  inch  depth  on  the  ground  after, 
in  part,  melting  us  it  fell.    29 — 31.  Fine:  Cirrus:  snow  on  the  ground. 


RESULTS. 

Winds:  N,  2;  NE,5;  E,  1 ;  SE,  3;  SW,  14;  W,  1  ;  NW,4j  Var.  1. 

Barometer:  Mean  height 

For  the  month » 29*814  incto. 

For  the  lunar  period, ending  the  8th.  ,,^ ;..  29*875 

For  14  days,  ending  the  10th  (moon  north) 29:989 

For  13  days,  ending  the  23d  (moon  south) 29*790 

Thermometer:  Mean  height 

For  the  month 34*  1  i^ 

For  the  lunar  period  (as  above) 37*88 

For  30  days,  the  sun  in  Sagittarius 36*65 


Hygrometer :    Mean  for  the  month 88*34 

0 

Evaporation 0*79   inch. 

^»n ,.^ 2*45 

By  a  second  guage , ,. 2*48 

And  at  Tottenham ., 2*64 


*»  ♦  The  mean  temperature  of  the  month  at  Tottenham,  with  three  days'  obserra- 
tions,  in  different  ptirts  supplied  from  the  above  table,  is  33-560.  The  thermometer 
at  Tottenham  has  rather  the  more  open  exposure  of  the  two,  A  fine  exhibition  of 
the  Aurora  Borealis  was  observed  there  between  1 1  and  12,  p.  m.  on  the  14th  oftht 
present  month. 

Labor atortf,  Stratford^  First  Month^  25, 1820.  L.  HOWABSU 


ANNALS 


PHILOSOPHY. 


MARCH,    18 


Biographical  Accoimt  of  Stephen  Hales,  D.D,  F.R.S.  Sic. 
Kectorof  Farringdon,  Hampshire,  and  Minister  of  Teddington, 
Middlesex. 

Dr.  hales  was  bom  in  the  county  of  Kent  on  Sept.  7,  1677. 
He  was  the  son  of  Thomas  Hales  and  Mary  Wood.  His  family 
was  one  of  the  oldest  and  most  respectable  in  the  whole  county, 
and  his  grandfather  had  been  raised  to  the  dignity  of  a  baronet. 
He  acquired  the  rudiments  of  his  education  in  his  father's 
house.  His  tutors  seem  to  have  confined  their  instructions  to 
those  branches  of  knowledge  which  were  considered  as  connected 
with  the  ecclesiastical  profession  to  which  he  was  destined.. 
Nothing  at  this  early  age  announced  the  great  talents  which  he 
had  received  from  nature,  unless  we  consider  the  assiduity  with 
which  he  devoted  himself  to  his  studies,  and  the  correctness  of 
his  mode  of  thinking,  as  indications  of  genius.  And  in  fact  they 
often  constitute  the  dawn  of  a  great  man's  career,  making  their 
appearance  before  any  other  indication  of  great  abilities  can  be 
oDBerved. 

He  went  to  Cambridge  at  the  age  of  19,  and  became  a  pen- 
'.  sioner  in  Eennet  College.  Here  he  took  his  degree,  and  here 
he  began  to  show  a  fondness  for  mathematics  and  physics.  He 
devoted  himself  to  these  pursuits  with  such  ardour  that  without 
any  other  assistance  than  his  own  labour,  he  made  himself  suffi- 
ciently acquainted  with  the  systena  of  Copernicus  to  represent  it 
in  a  kind  of  planisphere,  in  which  the  planets  were  placed  in 
their  baturalorder,  and  made  their  revolutions  in  times  propor- 
tional to  the  times  of  their  real  revolutions.  Such  a  m&cVvibft 
Vol,  XV.  N~  III.  L 
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was  at  that  time  but  little  known^  though  they  have  since  become 
very  common  in  England  under  the  name  of  Orreries  ;  because 
the  Earl  of  Orrery  employed  Mr.  Ghraham  to  construct  oqe  of  the 
first  of  these  machines,  which  served  afterwards  as  a  model  for 
all  subsequent  ones.  A  machine  of  this  kind  constructed  by 
Mr.  Roemer  was  exhibited  to  the  French  Academy  in  the  year 
1680.'!^  But  Dr.  Hales  was  not  aware  of  any  such  previous, 
invention  when  he  constructed  his  own  machine. 

Dr.  Stukely,.  who  afterwards  settled  in  Londpn  a^  a  physician^ 
was  at  that  ti^e  in  Cambridge,  and  ia  the  same  couege  widi 
Dr.  Hales.  These  two  young  gentlemen  had  a  similaritv  of 
taste  which  soon  rendered  them  inseparable  companions.  They 
traversed  the  environs  of  Cambridge  in  search  of  plants,  with 
Mr.  Ray's  Description  of  the  Plants  which  grow  in  the  neigh- 
bourhood of  Camoridge^  for  their  guide.  This  faithftd  guide 
often  led  them  into  places  very  little  frequented,  where  they 
could  obtain  nothing  to  satisfy  tneir  thirst  but  sour  small  beer. 
This  beer  Dr.  Hales  rendered  drinkable  on  the  spot  by  infusing 
into  it  a  quantity  of  wormwood  or  some  other  bitter  plant,  to  the 

freat  astonishment  of  his  hosts.    Thus  the  knowledge  cf  planta 
egan  already  to  reward  him  for  the  trouble  which  it  cost  him  to 
acquire  it. 

To  the  study  of  botany  was  joined  that  of  chemistry ;  and  our 
two  friends,  not  satisfied  with  the  ordinary  lectures  of  the  pro- 
fessor, repeated  in  their  own  apartments  various  experiments  of 
Boyle,  and  attended  with  the  greatest  assiduity  the  chemical 
processes  carried  on  at  Trinity  College  in  a  laboratory  that  had 
belonged  to  Sir  Isaac  Newton,  and  in  which  the  chemical 
manuscripts  of  this  great  man  had  been  burned  by  a  fatal  acd- 
dent.  Such  was  the  ardour  with  which  Hales  devoted  himself 
to  this  study,  that  he  seems  already  to  have  conceived  that  he 
should  on  a  future  day  have  it  in  his  power  to  repair  this  great 
loss  to  the  chemical  worid. 

Anatomy,  which  is  so  essential  a  part  of  science^  was  not 
neglected  by  our  two  young  gentlemen.  Hales  made  such 
progress  in  it  that  he  even  contrived  a  new  mode  of  rendering 
the  vesicles  of  the  lungs  visible  to  the  eye.  He  fixed  a  gun- 
barrel  to  the  windpipe  still  attached  to  the  lungs.  This  barrel 
was  heated  by  passing  it  through  a  chaffer,  and  he  blew  through 
it,  for  several  hours,  into  the  lungs,  a  hot  dry  air,  which  driecP 
aU  the  membranes  and  vesicles,  keeping  them  still  in  a  state  of 
distention.  He  then  poured  in  a  quantity  of  melted  tin  ^  lor  this* 
metal  melts  at  a  temperature  so  low  that  when  in  fusion  it  does 
not  destroy  the  texture  of  ani  m  al  bodies .  Wheii  every  thing  wa^ 
cold,  he  destroyed  the  whole  of  the  lungs  by  a  long  maceration, 
there  remained  a  fine  anatomic  tree,  wnich  not  only  represented 
exactly  the  figure  of  the  interior  of  the  lungs,  but  enabled  him 

«  8ec  Hist,  de  1* Acad.  lorn.  i.  p.  3i7«  .     . 
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to  form  some  notion  of  its  total  capacity,  and  of  its  different 
cavities.  This  ingenious  idea,  which  would  have  done  honour 
to  Ruysch  or  to  Winslow,  was  the  fruit  of  the  reflections  of  a 
student  of  anatomy.  How  great  expectations  might  have  been 
formed  of  the  discoveries  of  his  mature  years. 

When  we  consider  tlie  astonishing  progress  which  Hales  made 
in  eveiy  branch  of  physics,  we  should  be  tempted  to  conclude 
that  he  devoted  the  whole  of  his  time  to  these  pursuits.  But 
this  would  be  a  great  mistake.  His  physical  studies  did  not  in 
the  least  interfere  with  tliose  which  Had  been  the  chief  motive 
for  his  repairing  to  Cambridge ;  and  he  had  made  such  progress 
in  his  theological  studies  that  those  persons  who  had  the  direc- 
tion of  the  College  being  afraid  that  so  promising  an  associate 
should  escape  them,  got  nim  made  a  fellow  before  the  age  of  25 
years,  and  though  at  the  time  there  was  no  vacant  fellowBhip. 
He  took  succeBsiTely  all  his  degrees,  and  soon  after  was  named 
Dean  of  Ely ;  so  firmly  was  his  ecclesiastical  reputation  esta- 
blished. It  is  a  difficult  task  for  most  persons  to  acquire  a  com- 
petent knowledge  of  a  single  science ;  but  Dr.  Hales  had 
abilities  suflicient  to  render  himself  almost  equally  well  skilled 
in  them  all. 

As  soon  as  he  had  taken  orders,  he  was  appointed  curate  of 
Teddington,  in  the  county  of  Middlesex ;  aftenvards  he  got  the 
living  of  Orlock,  in  the  county  of  Somerset,  which  he  excnanged 
for  the  living  of  Farringdon,  in  Hampshire,  and  in  all  these 
situations  he  performed  his  clerical  duties  with  the  utmost  pro- 
priety, and  to  the  entire  satisfaction  of  his  parishioners.  He  was 
elected  a  fellow  of  the  Royal  Society  in  the  year  1718,  and  the 
year  following  he  began  to  read  to  that  learned  body  some 
experiments  upon  the  effect  of  the  heat  of  the  sun  in  elevating 
the  sap  in  trees.  The  Society,  struck  with  the  importance  of  his 
investigations,  exhorted  him  to  continue  them.  He  complied 
with  their  request ;  and  in  the  year  I7'27  published  the  fruits  of 
lua  researches  under  the  title  of  "  Statical  Essays  ;  containing 
vegetable  Statics  ;  or  an  Account  of  some  statical  Experiments 
on  the  Sap  in  Vegetables,  being  an  Essay  towards  a  natural 
History  of  Vegetation  ;  of  Use  to  those  who  are  curious  in  tbe 
Culture  and  Improvement  of  Gardening,  &c.  Also  a  Specimen 
of  an  Attempt  to  analyze  the  Air  by  a  great  Variety  of  Chymio- 
Staticid  Experiments,  which  were  read  at  sevei-al  Meetings 
before  the  Royal  Society."  This  work,  which  immediately  raised 
tbe  author  to  the  very  first  rank  among  British  philosophers, 
was  dedicated  to  George  If.  at  that  time  Prince  of  wales. 

Few  books  were  ever  more  favourably  received  by  the  public, 
and  few  ever  deserved  a  better  reception.  Most  of  the  experi- 
ments were  i^uite  new,  and  the  hand  oi'  genius  was  every  where 
conspicuous  m  them,  which  is  alone  capable  of  opening  a 
road  to  great  discoveries.  He  made  no  attempt  to  rear 
l2 
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hypothesis  of  his  own ;  but  stated  experiments  which  completely 
ovTerturned  all  the  hypotheses  previously*  contrived  to  account 
for  the  motion  af  the  sap  in  trees.  They  often  led  him  to 
siirprisiing  conclusions.  Could  it  have  been  believed,  for 
exarnple,  that  the  force  with  which  a  vine  branch  draws  the  sap, 
at  the  time  when  the  sap  flows,  is  equal  to  the  pressure  of  a 
column  of  water  36  feet  in  height.  Yet  Dr.  Hales  demonstrated 
this  by  cementing  glass  tubes  to  the  extremities  of  vine  branches 
cut  at  that  season,  and  observing  how  high  the  sap  issuing  out 
from  the  branch  rose. 

-  Similar  experiments,  but  made  in  a  different  season  of  the 
year,  and  upon  a  great  number  of  plants,  infortned  him  of  the 
force  and  the  quantity  of  transpiration  of  plants,  which  he 
contrived  to  collect  and,  render  sensible.  The  motion  of  the  sap 
in  trees,  and  even  the  existence  of  vessels  of  communication 
which  allow  it  to  pass  laterally  from  one  side  to  the  other,  are 
rendered  obvious  to  the  eyes  with  an  inconceivable  ingenuity. 
He  estimates  the  effect  of  the  heat  of  the  sun  upon  different  parts 
of  trees,  and  that  of  the  temperature  of  the  earth,  which  he  deter- 
mines to  as  great  a  depth  as  the  roots  usually  reach.  He 
explains  the  use  of  the  leaves,  till  that  time  very  little  under- 
stood, and  which,  according  to  him,  are  the  organs  by  vt^hich 
plants  exhale  during  the  day  the  liquid  which  they  draw  from 
the  earth ;  and  which,  during  the  night,  on  the  contrary,  draw 
back  again  the  moisture  which  they  find  in  the  air.  This  alter- 
nate motion  in  plants  is  a  substitute  for  the  circulation  of  the 
blood  in  animals.  It  would  occupy  too  much  room  to  specify 
all  the  curious  experiments  related  in  the  first  part  of  this  work, 
and  the  singular  consequences  which  he  deduces  from  them. 
But  it  would  be  improper  to  overlook  the  modest  reserve  with 
which  he  fivery  where  restricts  himself  to  a  bare  statement  of 
facts  vrithoiit  hazarding  any  other  conclusions  than  those  which 
a  rigid  calculation  have  converted  into  certainties."  It  is  unfor- 
tunate for  the  progress  of  physics  that  this  sage  conduct  has 
been  too  seldom  imitated. 

The  second  part  of  this  work  is,  if  possible,  still  more  interest- 
ing than  the  first.  It  constitutes  the  real  foundation  of  pneu- 
matic chemistry;  for  it  is  doubtful  whether  Dr.  Black,  who 
produced  the  first  great  impulse,  would  have  been  able  to  have 
made  out  the  constitution  of  limestone  had  it  not  been  for  the 
previous,  experiments  of  Hales.  Dr.  Black  himself  inform^  us 
that  it  was  the  previous  experiments  of  Dr.  Hales  on  limestone, 
who  demonstrated  that  when  this  mineral  is  dissolved  in  acids,  a 

auantity  of  air  is  disengaged  from  it,  that  led  him  first  to  draw 
le.  conclusion,  that  limestone  is  a  compound  of  quicklime  and 
air.  .  An  examination  of  the  air,  which  he  csMed  Jixed  air,  led 
him  to  the  knowledge  of  its  nature ;  and  the  propertiea  of  fixed 
a/r  wjere  afterwards  fully  investigated  by  Mr.  Cav^didi  wni 
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Dr.  Priestley.  This  produced  the  taste  lor  pneumatic  chemistry, 
and  of  couree  was  the  occasion  of  all  the  subsequent  discoveries 
iathis  most  fertile  region  of  the  science. 

Many  interesting  experiments  had  been  made  on  air  for  a 
whole  century  before  Hales  began  his  career.  But  hitherto  it 
had  been  examined  only  as  a  heavy,  transparent,  and  elastic 
body.  No  one  had  thought  that  air  was  capable  of  existing 
in  a  great  variety  of  substances,  deprived  of  its  elastic  state,  but 
capable,  when  favourable  circumstances  occurred,  of  assuming 
all  the  elasticity  of  air.  Hales  demonstrated  that  almost  ful 
vegetable,  animal,  and  mineral  substances,  contain  air,  and  that 
the  quantity  in  many  cases  is  astoiushingly  great.  Thus  from  a 
piece  of  oak  wood  he  extracted  a  quantity  of  air  equivalent  to 
200  times  its  bulk,  and  constituting  about  a  third  part  of  the 
weight.  It  is  true  that  Dr.  Hules  did  not  suspect  that  the 
elastic  duids  thus  obtained  from  vegetable,  animal,  and  even 
mineral  bodies,  differed  entirely  in  their  nature  from  common 
air,  and  consisted  of  elastic  bodies  of  a  very  dij}erent  nature. 
Sut  it  was  a  great  step  to  call  the  attention  of  chemists  to  the 
extrication  of  airs  from  different  bodies.  It  was  natural,  after 
being  aware  of  the  fact,  that  elastic  fluids  are  extiicated  from  a 
great  variety  of  bodies  for  chemists  to  turn  their  attention  to  the 
properties  of  the  elastic  fluids  themselves.  This  accordingly 
was  done  by  Cavendish,  Priestby,  and  Scheele.  These  bodies 
were  characterized  by  names  according  to  their  characters.  The 
next  step  was  to  determine  the  constituents  of  these  elastic 
fluids.  This  was  the  occupation  of  Lavoisier  and  his  followers. 
And  of  late  years,  chiefly  in  consequence  of  the  atomic  theory 
and  the  theory  of  volumes,  for  which  we  are  indebted  respect- 
ively to  Dalton  and  Gay-Lussac,  this  important  department  of 
chemistry  is  in  a  great  measure  completed.  Thus  a  new  and 
most  important  chemical  rout  which  was  flrst  opened  by  Dr 
Hales  has  only  been  completely  explored  in  our  own  day  and 
within  these  few  years. 

Uales's  experiments  on  respiration,  on  the  quantity  of  air 
deprived  of  its  elasticity  by  combustion,  and  by  various  kinds  of 
vapours,  deserve  a  careful  perusal.  If  he  did  not  see  or  even 
suspect  the  whole  truth,  he  at  least  greatly  facilitated  the  future 
investigations  of  chemists  after  the  composition  of  atmospheiical 
air,  the  true  nature  of  combustion,  and  the  important  part  which 
oxygen  performs  in  it,  were  known.  This  work  of  Dr,  Hales 
was  translated  into  French  by  Euffou ;  and  the  translation 
speeddy  raised  the  reputation  of  the  author  a»  high  on  the  con- 
tuient  as  the  original  work  had  already  done  in  Great  Britain. 

The  success  oi  his  experiments  on  the  motion  of  the  sap  in 
plants  naturally  ted  him  to  examine  the  motion  of  the  blood  in 
animals,  previously  much  better  known  than  the  former,  Accmd- 
iugiy  in  1733  he  published,  1:^  ordeu  of  t\ie  ^o^  A 'iwiw.'us ,  » 
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oollecdon  of  hia  experiments  and  concluGioDs  under  the  title 
*'  H^QiaslaticB,  or  Statics  of  the  Blood." 

He  exhibited  in  fact  a  measure,  and  an  exact  measure,  of  t) 
force  with  which  the  heait  forces  the  blood  through  the  body 
the  animal.     He  fixed  transparent  tubes  to  various  arteries 
living  animals,  and  thus  observed,  by  the  height  to  which 
blood  rose  in  them,  the  force  with  which  it  was  driven  by 
heart  in  the  different  circumstances  examined  by  Dr.  Half 
Sometimes  the  animal  was  possessed  of  its  full  strength  ;  a< 
times  its  etrength  was  diminished  by  the  abstraction  of  a  del 
min ate  quantity  of  blood,  or  by  a  variety  of  other  ways  which  it 
would  be  too  tedious  to  describe  here.     The  effect  of  these- 
changes  on  the  height  to  which  the  blood  rose  in  the  tube,  on 
the  frequency  of  the  pulse,  and  upon  the  whole  state  of  the 
animal,  are  carefully  observed,  and  from  them  a  vast  number  of 
useful  and  curious  consequences  are  deduced.     He  shows,  for 
example,  that  profound  inspirations  and  irequent  contractions  of 
the  lungs  increase  the  velocity  of  the  blood,  and  that  yawning 
has  the  necessary  consequence  of  accelerating  the  flow  of  the 
blood  through  the  lungs.     He  shows  hkewise  that  too  great  a 
loss  of  blood,  instead  of  diminishing,  actually  increases  the  rapi- 
dity of  the  flow  of  blood  through  the  arteries.     He  extracted  toe 
whole  blood  from  animals,  and  substituted  in  place  of  it  water 
heated  to  the  same  temperature  ;  but  the  life  of  the  animal 
not  supported.     Thus  he  showed  that  the  blood  does  not 
merely  as  a  liquid  ;  but  as  a  substance  of  a  peculiar  kind. 

Uis  observations  on  anatomical  injections  are  of  great  impoi 
ance,  and  give  quite  a  new  view  of  that  subject.  The  object 
anatomists,  in  injecting  the  veins  and  arteries  of  animals,  is  to  fiB 
them  with  a  liquid,  which  afterwards  becoming  solid,  may 
exhibit  these  vessels  of  the  same  size  as  they  possess  in  the 
living  animal.  But  as  these  vessels  are  extensible,  it  is  obvious 
that  if  the  matter  of  the  injection  be  pushed  wirh  greater  or  less 
violence  than  the  blood  was  pushed  on  in  the  living  animal,  the 
vessel  will  in  consequence  he  more  or  less  distended  than  in  the 
living  animal,  and  consequently  the  capacity  of  these  vessels  wiH 
no  longer  be  the  same  as  in  the  Uving  animal.  To  remedy  this 
inconvenience.  Dr.  Hales  employed,  to  push  on  an  injeotjon,  a 
column  of  liquor,  which  he  renders  equal  in  force  to  that  exer- 
cised by  the  heart  during  the  life  of  the  animal.  Of  the  amount 
of  this  force  he  had  satisfied  himself  by  his  previous  experimeats. 
This  method  of  proceeding  enabled  him  to  judge  with  much 
greater  accuracy  ihan  former  anatomists  of  the  capacity  of  the 
different  vessels  through  which  the  blood  flows.  He  measured 
the  diameters  of  each,  and  endeavoured  to  determine  by  calcu- 
lation the  velocity  with  which  the  blood  moves  in  the  di&rent 
vessels.  He  determined  the  facility  with  which  different  liquids 
could  pass  through  the  blood  vessels,  by  ascertaining  the  height 
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of  the  column  of  liquid  necessary  to  drive  each  on.  These  expe- 
riments led  him  to  obsenre  a  very  unexpected  and  surprising 
phenomenon ;  namely,  that  water  cannot  be  made  to  pass  from 
the  arteries  into  the  veins,  though  blood  passes  with  freedom  J 
and  that  certain  places  of  these  vessels  which  refuse  a  passage 
to  water  allow  beer  to  pass  with  the  greatest  facility.  He  had 
measured  how  mnch  the  resistance  of  the  viscera  and  of  the 
principal  vessels  of  the  human  body  could  amount  to  by  deter- 
mining the  height  of  the  column  of  liquid  necessary  to  rupture 
them ;  and  he  Umnd  that  this  resiptancc  was  far  superior  to  the 
violence  to  which  they  had  any  chance  of  being  exposed.  He 
tried  the  effects  of  spirituous  liquors,  of  acids,  aatringenta, 
emollients,  ficc.  upon  tne  viscera  and  vessels  of  animals  newly 
slain.  The  treatise  terminates  with  a  set  of  experiments  on 
urinary  calculi,  and  on  their  solvents.  These  observations  and 
experiments  are  highly  worth  the  perusal  of  the  physician  and 
chemist.  He  did  not  indeed  succeed  in  his  attempts  to  ascer- 
tain the  nature  of  these  bodies,  nor  was  it  possible  for  him  to 
do  so ;  because  destnictive  distillation,  the  method  which  he 
employed,  is  not  calculated  to  make  ns  acquainted  with  the 
constituents  of  animal  bodies.  But  his  experiments  show  at 
least  that  the  previously  received  opinions  upon  this  subject 
were  erroneous  ;  and  had  his  notions  been  taken  up  and  followed 
out,  accurate  conceptions  respecting  these  bodies  would  have 
been  much  sooner  formed  than  they  were.  It  deserves  to  be 
mentioned,  to  the  honour  of  Hales,  that  several  chemical  papers 
upon  the  urinary  calculi,  some  published  as  late  as  1789,  hardly 
throw  any  more  light  upon  the  constitution  of  these  bodies  than 
had  been  already  thrown  upon  the  subject  by  the  genius  of  Dr. 
Hales. 

The  Hasmastatics,  which  constitutes  the  second  volume  of  the 
common  editions  of  Hales 's  Statical  Essays,  was  translated  into 
French  by  M.  de  J^auvage,  of  the  Royal  Society  of  MontpeUier, 

The  reputation  which  Hales  had  acquired  by  the  pubhcation 
of  these  two  works  successively  was  ho  great  that  the  llniversity 
of  Oxford  was  induced,  without  any  solicitation  on  his  part,  to 
confer  on  him  the  title  of  Doctor  in  Divinity.  This  honour  is  bo 
much  the  more  remarkable  because  it  is  not  very  frequently 
conferred  upon  any  one  who  has  not  been  educated  at  Oxford. 

Dr.  Hales's  experiments  having  made  him  acquainted  vtith  the 
effects  which  spirituous  liquids  produce  upon  the  blood  and  the 
TiBceni  when  taken  internally,  his  philanthropv  induced  him  to 
endeavour  to  render  the  knowledge  of  these  effects  as  extensive 
as  possible.  This  led  him  to  publish  in  1734  a  dissertation 
against  the  use  of  spirituous  liquids,  which  he  entitled 
"  Friendly  Advice  to  the  Drinkers  of  Brandy."  He  paints  in  it 
the  fatal  effects  of  this  sort  of  indulgence  in  such  lively  colours 
M  might,  one  would  suppose,  be  sufficient  to  deter  the  boldest 
dniokud  bota  indulging  m  tm  favouiite  vice.    But  xWii^oiotbiir 
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nate  consequence  of  this  vice  is  to  deprive  its  victim  oS  the 
power  of  reflection.  The  dissertation  of  course  could  not  be 
expected  to  produce  any  other  effect,  except  demonstrating  the 
goodness  of  heart  and  the  patriotism  of  the  author. 

Similar  motives  seem  to  have  led  him  to  examine  the  nature 
of  sea  wa^er,  the  method  of  rendering  it  fresh  and  drinkable,  and 
of  preserving  com,  meat,  and  all  sorts  of  provisions  fresh  during 
lon^  sea  voyages.  These  experiments,  together,  with  many 
usenil  instructions  to  navigators,  constituted  a  work  which  he 
published  in  1739,  and  wmch  he  dedicated  to  the  Lords  of.the 
Admiralty.  For  this  work  the  Copleyan  metal  was  voted  to  him 
by  the  council  of  the  Royal  Society.  The  reputation  which  he 
had  acquired  by  his  work  on  the  unnary  calculus,  and  the  utihty 
of  that  work,  induced  him  in  1740  to  examine  the  nature  of  Mrs. 
Stephens's  famous  cure  for  the  stone,  which  had  just  been  pipr- 
chased  by  Parliament.  He  endeavours  to  point  out  the 
importance  and  efficacy  of  this  remedy,  which  was  then  at  the 
height  of  its  reputation.  But  many  years  have  elapsed  since 
that  ephemeral  reputation  has  vanished,  and  now  it  is  admitted 
by.  all  that  no  solvent  for  the  stone  can  be  applied  without  the 
nsk  of  fully  *as  great  an  injury  to  the  constitution  as  that  which 
it  proposes  to  cure. 

Three  years  after,  he  published  a  description  of  the  ventilator 
—an  instrument  by  means  of  which  we  may  at  pleasure  renew 
the  air  in  all  places  where  we  have  occasion  to  do  so.  It  seems 
unnecessary  to  give  a  description  of  this  simple  and  ingenious 
machine,  as  it  is  sufficiently  known,  and  as  a  method  of  renewing 
the  air  in  the  cabins  of  ships  is  very  generally  used  in  this  coun- 
try, which  may  be  considered  as  little  else  than  a  simplification 
of  Hales's  ventilator.  This  description  of  the  ventilator  was  the 
last  separate  work  pubUshed  by  Dr.  Hales.  He  was  then  60 
years  of  age,  and  did  not  choose  after  that  period  of  life  to 
venture  upon  long  publications.  But  he  inserted  a  great  many 
interesting  papers  in  the  Transactions  of  the  Royal  Society.  Of 
these,  it  seems  requisite  only  to  notice  the  most  important. 

Dr.  Berkeley  had  brought  tar  water  into  fashion  as  a  medicine, 
and  its  virtues  were  hi^my  extolled  all  over  Europe.  Dr.  Hales 
was  too  much  of  a  philosopher  to  be  led  away  ]^y  the  enthusiastic 
encomiums  passed  upon  any  medicine  whatever.  He  examined 
tar  water,  and  pointed  out  the  diseases  in  which  it  might  be 
used  with  advantage,  or  at  least  innocently,  and  the  cases  in 
which  it  would  be  improper  to  employ  it.  Tar  water  has  long 
ago  lost  its  reputation,  and  is  no  longer  employed  in  medicine ; 
but  Dr.  Hales  s  opinions  respecting  jt  ought  not  to  be  forgotteOi 
as  they  show  us  how  far  he  rose  above  the  prejudices  of  his  age, 
and  the  care  he  took  to  investigate  opinions  before  he  admitted 
them.  In  the  same  year  (1746)  he  pointed  out  a  method.of 
stopping  the  progress  of  combustion  by  covering  with  a  layer  of 
qioist  earth  those  buildings  through  which  it  was  likely  the 
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conflngration  would  pass.  This  method  was  carried  to  Constan- 
tinople, and  enabled  the  Turks  to  save  one  of  the  finest  buildings 
in  tnat  Ottoman  capital. 

Two  years  before  this  he  had  given  a  method  of  injecting  into 
the  abdomen  in  the  case  of  paracentesis  any  injection  wished  for 
during  the  very  time  that  the  dropsical  liquor  is  passing  off, 
H«  bad  been  told  that  a  woman  labout-ing  under  an  ascites  had 
been  cured  by  her  surgeon  by  means  of  an  injection  of  red  wine 
and  alum  water.  This  piece  of  information  led  bim  to  think  of 
a  method  of  improving  the  process.  His  method  was  exceed- 
ingly simple.  Two  trocars  were  introduced  into  the  abdomen 
instead  of  oue  ;  and  while  the  liquid  of  dropsy  was  running  out 
of  one  canula,  the  injection  was  to  be  introduced  through  tlie 
other.  This  process  has  been  for  many  years  very  much 
employed  in  hydrocele,  and  with  the  best  effects.  Its  success 
in  ascites  is  much  more  problematical. 

The  phenomena  of  electricity  bad  attracted  the  attention  of 
men  of  science  during  Dr.  Halea's  life  time  ;  and  in  the  Igtter 
jteriod  of  his  existence,  they  bad  acquired  a  very  high  degree  of 
celebrity,  and  were  become  the  fashionable  study.  It  was  not 
likely  that  they  could  escape  the  attention  of  a  man  possessed  of 
the  curiosity  and  the  sagacity  which  characterized  Dr.  Hales. 
Accordingly  we  find  a  paper  by  him  on  electricity  in  the  Pliilo- 
sophical  Transactions.  He  remarks  that  the  colour  of  the  electric 
spark  is  different  when  drawn  from  iron,  from  copper,  and  from 
an  egg  laid  upon  copper.  Hence  he  infers  that  the  substance 
from  which  the  electric  spark  comes  furnishes  some  part  of  its 
own  substance  to  the  spark,  and  thereby  occasions  the  pecuhar- 
ity  of  colour. 

Earthquakes  were  particularly  common  and  dreadful  in  their 
effects  during  the  life  time  of  our  philosopher.  Hence  his  atten- 
tion was  naturally  called  to  them,  and  his  ingenuity  employed, 
in  attempting  to  account  for  their  existence.  He  conceived  he 
had  found  an  explanation  in  an  experiment  which  had  been 
related-in  his  Statical  Essays.  He  had  obtained  a  quantity  of 
nitrous  gas  by  dissolviug  iron  pyrites  in  nitric  acid,  and  be  found 
that  when  this  gas  was  mixed  with  common  air,  it  became  red, 
and  the  bulk  ot  the  mixture  was  diminished  by  a  volume  nearly 
equal  to  the  original  volume  of  the  nitrous  gas.  This  experi- 
ment, which  was  very  imperfectly  understood  by  Dr.  Hales,  and 
indeed  was  not  fully  explained  till  many  years  after  his  death,  he 
employed  to  account  for  the  origin  of  earthquakes.  The  nitrous 
gas  he  considered  as  an  air  impregnated  with,  or  consisting  of, 
sulphureous  vapours.  These  vapours  in  his  opinion  were  conti- 
nually exhaling  from  the  earth.  When  they  were  produced  in 
great  quantities,  and  came  to  be  mixed  with  pure  air,  the  vacuum 
formed  by  the  sudden  destruction  of  the  elasticity  of  so  great  a 
quantity  of  air  would,  in  his  opinion,  be  sufficient  to  occasion 
earthquakes.     Notwithstanding  the  wildness  of  this  hypothesis, 
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tiie  paper  contains  much  curious  infonnationi  and  some  facta  are 
to  be  round  in  it  of  considerable  interest ;  as,  for  example,  the 
information  that  when  a  cannon  is  fired  in  St.  James's  rtA,  the 
glass  in  the  windows  of  the  Treasury  becomes  ohaiged  with 
electricity. 

lime  water  had  been  proposed  as  a  sood  vehicle  for  preserving 
fishy  8cc.  without  salting.  This  method  Dr.  Hales  examined, 
and  found  not  to  answer.  He  points  out  its  fallacy  in  a  paper 
printed  in  the  Philosophical  Transactions,  on  the  Antisceptic 
Fowers  of  Lime  Water. 

The  last  paper  of  Dr.  Hales  which  we  shall  mention  contains 
a  description  of  a  method  of  greatly  increasing  the  rapidity  of 
distUlation.  The  nlethod  was  to  blow  up  a  constant  snower  of 
air  through  the  boihng  liquid  by  means  of  a  pair  of  double 
bellows.  By  this  mewod  he  shows  that  a  very  considerable 
quantity  of  sea  water  may  be  distilled  on  ship*board,  and  sweet* 
ened  in  a  comparatively  short  time,  and  with  a  small  quantity  of  fuel. 

Though  the  extreme  sobriety  and  regularity  of  Dr.  Hales's 
mode  of  living  had  preserved  his  hedth  and  vigour  till  a  very 
advanced  age,  it  was  not  in  his  power  to  resist  the  effects  of 
time.  He  died  accordingly  on  Jan.  4,  1761,  when  he  had 
nearly  reached  his  84th  year.  He  was  buried,  according  to  his 
own  request,  in  his  church  of  Teddington,  which  he  had  rebuilt 
himself  a  few  years  before  his  death.  But  at  the  expense  of  the 
Princess  Dows^er  of  Wales  a  monument  was  erected  for  him  in 
Westminster  Abbey. 

Dr.  Hales  had  been  long  known  to  the  Princess  of  Wales,  and 
bad  been  indeed  in  some  measure  in  her  service.  To  her  consort 
the  Prince  of  Wales,  the  father  of 'his  late  Majesty,  he  was  so 
well  known,  and  was  held  in  such  estimation  by  bun,  that  this 
prince  was  accustomed  frequently,  alone  and  unattended,  to  sur« 
prise  him  in  his  cabinet,  where  he  was  constantly  occupied  with 
the  most  curious  and  useful  researches.  He  forgot  his  rank  and 
his  grandeur  for  the  pleasure  of  enjoying  his  familiar  conversa« 
tion,  from  which  he  derived  a  fund  of  information  which  he 
could  not  otherwise  have  acquired.  After  the  death  of  his 
Royal  Highness,  Dr.  Hales  was  appointed  Almoner  to  his  consort 
the  Princess  of  Wales.     He  had  made  no  application  for  this 

))lace|  the  whole  matter  had  been  transacted  without  his  know* 
edge,  and  he  could  not  avoid  expressing  his  astonishment  when 
)ie  heard  of  his  appointment.  Modesty  indeed  was  his  charac^ 
teristic  virtue.  Though  known  and  admired  by  all  the  philoso-» 
pbers  in  Europp,  he  received  the  encomiums  that  were 
icontinimlly  lavisned  upon  him,  as  if  he  had  not  deserved  them. 
The  same  principle  rendered  him  satisfied  with  his  situation, 
which  he  considered  as  fully  adequate  to  his  merits.  Whe% 
^ri^ugh  the  interest  of  bis  friends,  the  King  had  appointed  him 
a  Canon  of  WiQdaor,  he  employed  alibis  credit  with  Uie  Princest 
of  Wales  to  get  the  appointment  cancelled. 
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He  was  not  more  ambitious  of  literary  honours.  And  in  1753 
he  was  named  a  foreign  aRsociate  of  the  French  Academy  of 
Sciences,  solely  on  account  of  his  reputation,  without  any  Eolici- 
lation  whatever  on  his  part.  His  manners  were  particularly 
amiable ;  and  in  the  cast  of  his  character  he  ia  said  to  havirhad 
a  very  considerable  resemblance  to  the  celebrated  Boyle,  The 
sole  object  of  all  his  labours  was  pubhc  utility;  and  he  seems  to 
bava  bad  no  otber  ambition  than  that  of  discharging  his  duties 
to  his  country  and  to  mankind  in  general.  A  single  example 
will  be  a  sufficient  specimen  of  the  gentleness  and  humanity  of 
his  disposition.  His  hromastatics  were  not  carried  nearly  so  far 
as  his  vegetable  statics.  He  assigned  the  reason  of  this  in  a 
letter  which  he  wrote  to  M.  Duhaniel.  The  tortures,  to  which  he 
waannder  the  necessity  of  subjecting  the  inferior  animals,  preyed 
upon  his  mind  so  much,  that  he  durst  not  venture  to  proceed 
with  bis  experiments,  but  found  it  necessary  to  drop  the  subject 
altogether. 

Dr.  Hales  was  manied,  and  always  lived  with  his  wife  in  the 
most  perfect  harmony,  but  it  does  not  appear  that  he  left  any 
children. 
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Description  of  a  Barometer  for  measuring  Heights. 
By  Mr.  James  Allan. 


(To  Dr.  Tliomson,) 

SIR,  Erskiar,  Jan.  86,  \8iO. 

The  following  is  a  description  of  a  convenient  barometer  for 
measuring  heights,  which  I  send  you  for  insertion  in  the  Annah 
of  Philosopht/. 

This  barometer  is  of  the  recurve  kind.  The  turned  up  partis 
a  piece  of  wide  tube,  in  which  an  iron  float  is  to  be  put  to  swim 
on  the  top  of  the  mercury  to  prevent  its  convexity.  The  propor- 
tion of  this  to  the  long  tube  must  be  accurately  ascertained. 
We  shall  consider  it  to  be  as  12  to  1.  A  scale  of  inches,  as  in 
other  mountain  barometers,  is  to  be  attach';d  to  the  top  of  the 
tube  on  the  one  side,  by  which  to  mark  the  positions  of  the 
mercury  in  the  column  of'^suspenston.  Then  from  the  proportion 
of  the  tubes  being  to  one  another  as  12  to  I,  for  every  12  parts 
the  mercuiy  falls  on  this  scale,  it  will  riee  one  part  in  the  turned 
Qp  tube  ;  so  that  the  column  of  suspension  will  be  shortened  ^i 
parts.  Hence,  when  the  quantity  of  fall  on  the  scale  is 
correctly  found,  it  is  only  necessary  to  add  one-twelfth  part  of 
itself  to  it  to  know  how  much  the  column  of  suspension  is 
shortened. 

This,  however,  may  beJound  raove  easily  by  means  of  a  scale, 
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which  we  are  now  going  to  describe,  which  may  be  put  in  place 
of  the  other.  We  have  supposed  the  tubes  to  be  to  one  another 
as  12  to  1,  and  have  found  that  for  every  12  parts  the  mercury 
falls  on  the  scale,  the  column  of  suspension  is  shortened  13.  If 
thei4^n  inch  be  divided  into  13  parts,  when  the  mercury  in  the 
long  tube  falls  through  12  of  these,  the  column  of  suspension 
will  be  shortened  a  full  inch.  Hence  if  a  scale  be  made  use  of, 
whose  large  divisions  are  equal  to  -f-j-ths  of  an  inch,  instead  of 
real  inches,  these  nominal  inches  and  their  subdivisions  will 
indicate  with  accuracy  the  number  of  true  inches  and  correspond- 
ing parts  of  inches,  by  which  the  column  of  suspension  is 
shortened. 

In  order  that  altitudes  may  be  fpund  without  logarithmic 
tables,  a  scale  of  the  kind  we  are  going  to  describe,  may  be 
attached  to  the  other  side  of  the  barometer.  This  scale  must 
be  so  divided,  as  to  show  with  accuracy  the  quantity  of  fall  cor- 
responding to  certain  determinate  altitudes.  The  method  of 
finding  the  size  of  the  spaces,  for  the  altitudes  required  is  this. 
Supposing  that  it  is  designed  to  make  the  large  divisions  of  the 
scale  to  correspond  to  100  fathoms,  and  that  we  commence 
the  calculation  from  30  inches  of  mercury  downward,  we  seek 
the  logarithm  of  30,  the  decimal  part  of  which  is  0*4771,  from 
this  we  subtract  100,  and  there  remains  0*4671,  which  we  find 
to  be  the  decimal  part  of  the  logarithm  of  29'32,  this  we  subtract 
from  30,  and  there  remains  0*6&  of  an  inch  for  the  size  of  the 
first  space.  Next,  from  0*4671  we  subtract  100,  ^od  there 
remains  0*4571,  whose  natural  number  is  28*65,  which,  when 
subtracted  from  29*32,  leaves  0*67  of  an  inch  for  the  size  of  the 
second  space.  In  this  way  are  all  the  divisions  and  subdivisions 
of  the  scale  to  be  formed. 

In  finding  the  spaces  above,  that  I  might  be  able  to  show  &e 
method  more  simply,  I  have  made  use  of  logarithms  of  four 
places  of  decimals  only,  and  the  size  of  the  spaces  is  for  that 
reason  not  correct ;  but,  in  calculating  for  the  scale,  tables 
extending  to  eight  or  nine  places  of  decimals  will  be  required,  as 
the  utmost  accuracy  is  necessary  in  its  construction.  It  must 
be  kept  in  view  that  the  spaces  are  not  to  be  taken  off  a  scale  of 
real  inches,  but  a  scale  of  nominal  inches,  the  same  as  is  second 
described. 

I  come  now  to  show  the  method  of  correcting  for  the  tempe- 
rature of  the  mercury,  in  making  use  of  the  above  scales.  If  the 
scale  of  real  inches  is  used,  this  is  done  in  the  common  way.  If 
the  scale  of  nominal  inches  is  used,  one-thirteenth  of  itself  is  to 
be  added  to  the  quantity  that  is  to  be  taken  from,  or  put  to,  the 
length  of  the  column  of  mercury,  because  each  of  the  nominal 
inches  is  one-thirteenth  of  an  inch  too  Uttle.  If  the  scale  that 
is  divided  so  as  to  indicate  certain  determinate  altitudes,  is  used, 
a  sUde  which  is  to  extend  across  both  scales  is  to  be  sqrewed 
up  or  down  to  the  pluce  where  the  mercury  should  b^  if  the 


1820.]   "  a  Baromeier for  measuring  fftighti.  l73 

temperature  was  proper.  This  place  is  easily  found  on  the  scale 
of  inches ;  so  that  by  screwing  the  slide  till  the  one  end  come  to 
the  proper  place  on  this  scale,  the  other  end  will  of  course  taJte 
the  right  position  on  the  scale  for  determinate  distances.  By 
adjusting  the  slide  at  the  foot  and  top  of  the  mountain,  and 
counting  the  divisions  between  its  positions,  the  approximate 
altitude  of  the  mountain  is  obtained.  As  the  finding  of  the  true 
altitude  does  not  depend  on  the  barometer  but  the  approximate 
only,  it  is  not  necessary  for  me  to  say  any  thing  about  that,  as 
the  method  is  given  in  every  work  in  which  mensuration  by  the 
barometer  is  treated  of. 

I  shall  conclude  this  letter  by  making  a  few  remarks  concern- 
ing the  most  favourable  times  for  measuring  with  the  barometer. 
Calm  weather  is  indispensably  necessary  for  this  operation, 
because  air  in  motion  has  not  the  same  perpendicular  pressure  as 
when  at  rest,  but  its  gravity  diminishes  as  its  velocity  increases. 
Hence,  if  a  stratum  of  air  of  the  altitude  of  any  mountain  moves 
vfith  such  a  velocity  as  to  cause  its  perpendicular  pressure 
almost  to  vanish,  then  the  column  of  mercury,  being  supported  in 
uo  seosible  degree  by  that  stratum,  bat  by  the  atmosphere  above 
it,  will  sulfer  no  apparent  change  in  being  carried  from  the  foot 
to  the  top  of  the  mountain.  Clear  unclouded  weather  is  also 
necessary,  for  clouds  by  tlieir  shadows  and  different  temperature 
disturb-tne  regular  progression  of  the  atmosphere.  Mr.  Greato- 
rex,  in  au  account  which  he  gives  in  the  London  Philosophical 
Transactions  for  the  year  1818,  of  a  measurement  he  made  of 
the  height  of  Skiddaw,  ascribes  the  erroneous  results  be 
obtained  by  the  barometer  wholly  to  the  effect  of  clouds. 

Beside  the  above,  there'is  slill  another  circumstance  worth 
attending  to,  which  is  the  height  at  which  the  barometer  stands ; 
when  it  stands  high  and  continues  steady,  then  is  the  most 
iavourable.  time  for  measuring  with  it.  When  it  is  low,  it  is 
unfavourable ;  for  the  fall  may  be  produced  by  some  approaching 
wind,  giving  a  buoyancy  to  the  atmosphere  before  it,  or  by 
winds  in  the  higher  regions,  which  circumstances  would  disturb 
the  geometrical  progression  of  the  atmosphere,  and  hence  render 
a  correct  measurement  impossible. 

If  all  these  favourable  circumstances  which  I  have  mentioned 
are  possessed,  and  a  good  barometer  used,  the  results,  at  the 
very  least,  are  equally  to  be  depended  on  as  those  obtained  by 
trigonometiy.  Yours,  &c. 

James  Allan. 
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ANNUAL  RESULTS. 

Barometer. 

Highest  observation,  Sept.  21.    Wind,  N. 30-400 

Lowest  ditto,  Jan.  23.    Wind,  S.E.  boisterous 28-400 

Kauge  of  tbe  mercury 2"000 

Mean  annual  barometrical  pressure 29-598 

Greatest  range  of  the  mercury  in  January. 1-910 

Least  range  of  ditto  in  May 0-670 

Mean  annual  range  of  ditto l'24d 

Spaces  described  by  ditto 75-550 

Total  number  of  changes  in  the  year 177'DOO 

Six's  Thermometer. 

Greatest  observation,  Aug.  14.     Wind,  W 77-OOQ* 

Least  ditto,  Dec.  31.     Wind  W <J-000 

Range  of  the  mercury  in  the  thermometer 68-000 

Mean  annual  temperature 47*773 

Greatest  range  in  December 4&000 

Least  ditto  in  March 24-00(> 

Mean  annual  range 31-333 

Winch. 

North  and  East 67 

North- East  and  South-Eaat 7& 

South  and  West 63 

South- West  and  North- West 10?  , 

Variable 28 

Rain,  &c. 

Greatest  quantity  (including  snow  and  hail),  in  Dec. , ,         5'50 

Least  ditto,  in  Au^st 1*25 

Total  amount  for  the  year 30*85 

REMARKS. 

The  mean  and  tbe  maximum  of  the  harometrical  pressure  for 
the  last  two  years,  are  nearly  aliki*,  anil  the  number  of  changes 
in  tlie  direction  of  the  column  are  exactly  so ;  although  the 
ujacea  described  in  the  former  year  exceed  those  of  the  one  just 
closed  by  3^  inches. 

The  mean  temperature  is  about  half  a  degree  below  that  of 
1S18,  and  the  diuerence  between  each  month  is  rather  unusual. 
The  first  five  mouths  and  the  seventh  in  ISIS  were  on  an  average 
nearly  4°  colder  than  the  corresponding  ones  in  the  last  year  ; 
but  the  others  were  proportionably  the  reverse. 

The  amount  of  rain,  Stc.  is  two  inches  leas  than  in  1818. 

The  priDcipal  features  of  the  vear  are  the  uniform  and  long 
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continttecl  heat  and  diyaess  of  the  summer  season,  and  the 
early  commencement  oi  winter,  which  to  the  present  time  has 
continued  with  excessive  sevepty. 

Ncfo  MaUoHy  Jan.  4, 1820.  JaM£S  StoCKTON. 


Article  IV. 

On  the  Going- of  a  Clock  with  a  Wooden  Pendulum^ 

By  Col.  Beaufoy,  F.R.S. 

(To  Dr,  Thomson.) 

MY  DEAR  SIR,  Buahty  Heathy  Feb.  7, 1890. 

To  determine  what  reliance  could  be  placed  on  the  going  of  a 
clock  with  a  wooden  pendulum,  I  fitted  one  of  uny  monthly  regu- 
lators, beating  dead  seconds,  and  whose  m6tji|b  continued  while 
winding  up,  with  a  straight-grained  cylindiical  deal  rod;  but 
being  dissatisfied  with  the  irregularity  of  the  rate,  I  was  on  the 
point  of  rejecting  this,  when,  firom  the  circumstance  of  th^  clock 
becoming  much  out  of  beat,  I  concluded  the  great  source  of 
error  might  probabJy  proceed  from  the  warping  of  the  wood.    I, 
therefore,  caused  the  intermediate  portion  of  the  deal,  about  an 
inch  below  that  part  where  the  watch  spring  which  suspends  the 
pendulum  is  f^^^tened  to  the  upper  part  of  the  bob,  to  be  reduced 
irom  a  cylindrical  to  an  eliptical  shape,  the  transverse,  or  longest 
diameter  being  parallel  to  the  back  of  the  clock ;  this  alteration 
so  much  improved  the  going,  that  I  am  induced  to  trouble  you 
with  a  table  containing  the  rate  for  12  months,  and  to  remark 
that  the  rod  was  perforated  in  the  centre  for  the  crutch  to  pass 
through,  and  a  brass  eye  inserted  to  prevent  the  wearing  away 
of  the  wood.    To  render  the  pendulum  steady,  it  was  hung 
independent  of  the  frame  that  supports  the  clock ;  and  the  bob, 
inlieu  of  being  screwed  to  the  rod,  was  permitted  to  rest  upon  a 
divided  nut,  turning  on  a  fine  screw,  attached  to  the  lower  extre- 
mity of  the  rod,  and  which  answered  the  twofold  purpose  of 
supporting  this   weight,   and  regulating  the   pendulum.      The 
advantage  of  permitting  the  bob  to  remain  unconfined  to  the 
rod  is,  that  the  expansion  of  the  bob  upwards  has  a  tendency  to 
counteract  the  expansion  of  that  spring  by  which  the  pendulum 
is  hung  downwards,  and  of,  therefore,  preserving  the  same  length. 
By  examining  the  table,  it  will  be  found  that  the  accuracy  ofthe 
simple  pendmum  described  is  little  inferior  to  the  compound  one, 
known  oy  the  name  of  the  gridiron  pendulum ;  and  when  it  is 
dso  considered  th^t  the  latter  costs  12  guineas,  and  the  rod  not 
as  many  pence,  the  variation  ofthe  going  bears  so  small  a  pro- 

Eortion  to  the  difference  of  price,  that  it  will,  generally  speaking, 
e  sufficiently  accurate  for  most  purposes.        I  remain, 
M^  dear  Sir, yours,  very  sincerely,         Mark  Bb^ufoy^ 
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Table  cotitaiiiiiig  the  Rate  of  a  duck  with  a  icon 

den  Pendulum.      ■ 

Clock  fast  or 

Differ 

mil,-- 

Clock  fast  or 

Differ- 

Uaily 

t1o«. 

encc*. 

slow. 

ene.-s. 

1819. 

Aug.     3 

-1'    55-09" 

1-29" 

-0-4S" 

Jan.  31 

-0'    10'40" 

7 

-1     58-41 

3-33 

-0-83 

I'Vb.  s;-o  oa-ffj 

8-3a" 

-1-.W 

10 

-2    01 -05 

8-64 

-0-SS 

lfJ--0    OS-37 

5-44 

-1-36 

-a     03-39 

2-34 

-0-59 

13-0     07-91 

4-54 

-1-51 

81 

-2    07-80 

4-41 

-0-6S 

BO-0     J8'55 

10-61 

-1-53 

<85 

-0     10-88 

308 

-0-7T 

85-0     S.S-47 

4'9S 

-0-98 

8e 

-0    09-73 

113 

■H-43 

Hardi   4 

-0     30-45 

«-98 

-0-99 

87 

-0    09-53 

0-28 

-(■0-91 

9 

-0    S8-00 

7-53 

-1-51 

SS 

-0    09-83 

0-30 

-0-30 

U 

-0     49-(W 

8-00 

-i-eo 

31 

-0     07-14 

8>e9 

■fO-89 

18 

-0    5(117 

4-IT 

-1-04 

Sept.    8 

-0     07-95 

0-81 

-0-40 

3S 

-0     .'iOBT 

0-50 

-0-!3 

6 

-0     Ofi-34 

l-fil 

-t-0-40 

84 

-0     50-35 

+  0-SI 

-0     08-55 

8-31 

—0-71 

5S 

-0    50-38 

0-07 

13 

-0     08-81 

0-29 

-0-07 

89 

-1)    50-10 

Q-l-i 

-U-U7 

n 

-0     1 1-67 

8-83 

-0-71 

April      1 

-0    hl-Oi 

l-9i 

-0-64 

-0     10, S3 

1-84 

■^0■6T 

-a    53-Bfl 

1-84 

-0  98 

SI 

-0     10-73 

0-48 

-O'il 

i 

-0    64-SO 

0-34 

-0-17 

S3 

-0    08-55 

a-20 

-H'lO 

7 

-0    51-94 

0-14 

-007 

Oct.     1 

-0     a0-(]5 

11-50 

-l-4« 

10 

-0     5505 

0-71 

-0-84 

4 

-0     1801 

S-04 

+  0-6S 

\6 

-0     5--ii8 

8-17 

-0-43 

9 

-0    13-25 

0-31 

-005 

M 

-1     OH-06 

10-84 

-090 

IS 

-0     21-58 

3-13 

-1-04 

S9 

-1     0873 

0  07 

-0-34 

11 

-0     23-57 

2-19 

-109 

May    1 

-1     IS-81 

0-18 

■^0-04 

IG 

-0     84-J03 

046 

-0-83 

4 

-1     06-07 

8-54 

-1-0-85 

18 

-0     2t-IO 

007 

-0^>4 

7 

-1     04-3T 

1-70 

+  0-57 

88 

-0    81-90 

8-80 

■i-O-Si 

9 

-1    03-77 

OPO 

+  0-.% 

97 

-0     18  58 

3-aa 

+  0-6B 

IB 

-1    01-40 

8-37 

+  0-19 

Nov.  3 

-0     10-60 

1-93 

-f0  88 

14 

-1     01-70 

0-;i0 

-0-15 

6 

-0    iT-sa 

0-63 

-0-81 

11 

-1     00-15 

1-55 

+  0-58 

10 

-0      I6-50 

0-7^ 

-fO-13 

SS 

-0     58  70 

1-45 

■H)-29 

IS 

-0     I5-6B 

0-81 

■(-0-12 

8S 

-1      01-61 

8-94 

-0-49 

81 

-0    IS  as 

0-IU 

+  001 

Jnac    3 

-1     IW-81 

0-83 

-fO-10 

S.^ 

-0     13-53 

2-03 

+  i-oa 

7 

-1     OJ-00 

1-19 

-0-59 

.     +86 

+  1     03-58 

a 

-1     03-85 

0  85 

-048 

Dee.  3 

+  0     59-80 

3-38 

-0-48 

IS 

-1     01-93 

8-13 

-0-30 

I-G2 

— 0-34 

19 

-I    m-eo 

a-98 

-0-99 

ll!  +  0     57-08 

0-50 

-0-17 

SI 

-1      10-6£ 

8-66 

-1-33 

13 

+  Q     57-87 

079 

+  0-49 

3K 

-1      li>-39 

-0-97 

88 

+  0     47-fiO 

-1-14 

Jolj    8 

-1     2210 

3-38 

-1-13 

84 

*.0    4T-16 

0-44 

-oea 

-1      S9T« 

rat 

-175 

87 

+  0    47-47 

0-31 

+  o-i(» 

^^Lr 

-I    43-54 

is-sa 

-1-38 

30 

+  0     4S-07 

0-fiO 

+  0-80 

^^K|9 

-1     45-50 

1-96 

-0-U8 

31 

+  0    4874 

0-07 

+  0-6T 

-i     50-68 

5-13 

-1-73 

1320. 

-t     50-91 

0-2.1 

-083 

Jan.    .1 

+  0    49-11 

0-1T 

+  012 

^^^  Si 

-1     53  05 

8-14 

-1-07 

5 

+  0    48-45 

0-66 

-0-33 

«6 

-i     54-14 

-1-39 

8 

+  0    49-16 

0  71 

1-0  24 

SS 

-1     54-38 

0-Ofi 

■I-003 

15 

+  0    4rf8i 

0-32 

-0-05 

^ 

-^1    54-90 

o-se 

-0-53 

it 

+  0    45  94 

2-90 

-041 

31 

-1    5e-.^8 

1-48 

-074 

31 

+  0    37-73 

8-2« 

-0-96 
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Article  V. 

Translated  Extracts  from  the  Persian  Work  called  ''  The  Bo<^ 
^  Precious  Stones,*'  by  Mohammed  Ben  Manssur.  Trans* 
teted  into  German  by  Mr.  Joseph  Von  Hammer. 

There  can  remain  little  doubt  but  that  the  knowledge  of 
precious  stones  first  came  to  us  with  them  from  the  East ;  even 
the  names  of  most  of  them  do  not  differ  from  those  in  the  coun- 
tries where  the  mines  of  them  are  situated ;  and  yet  nothing  has 
been  made  known  from  these  sources  except  some  specimens  of 
the  Arabian  work  of  Teifaschi,  which  Ravius  published  in  the 
year  1784,  at  Utrecht,  and  some  passages  in  !Bochart's  Hiero- 
zoicon^  treating  of  precious  stones.  These  extracts  will,  there- 
fore, not  be  unwelcome,  particularly  to  lot^  of  mineralogy  aiid 
precious  stones,  as  they  not  only  contain  the  original  Persian 
names,  but  also  the  very  important  classifictttSon ;  m>m  which  it 
appears  that  the  fact,  that  rubies,  oriental  topazes,  and  sapphires, 
belong  to  one  and  the  same  class,  namely,  that  of  the  Jakut,^ 
(which  is  a  modem  discovery  in  Europe,)  has  lone  beeki  kiiovnito 
the  inhabitants  of  the  East,  and  that  they  have  been  acquainted 
for  centuries  with  the  mode  of  determinmg  the  specific  gravity; 
The  author  composed  his  work  in  the  seventh  century  of  the 
Hegira  (in  the  13th  of  the  Christian  era)  for  the  Emperor  Abu 
Nassr  Behadirchan,  of  the  family  of  Abbas,  in  two  boc^s,  the  first 
treating  of  precious  stones,  and  the  second  of  metals.  Considering 
the  ideas  that  have  prevailed  in  the  East  for  thousands  of- years, 
it  will  not  be  surprising  that  among  the  former  the  pearl  takes 
the  lead.  ♦  x 

Every  chapter  regularly  consists  of  four  sections,  the  first  of 
which  treats  of  the  external  and  visible  qualities^  the  second  of 
the  mine,  the  third  of  th^  value,  and  the  fourth  of  the  internal 
mystical  qualities.  Our  extracts  are  confined  to  the  first  two 
sections  of  each  chapter ;  as  the  value  set  on  precious  stoned  in 
Asia  in  the  13th  century  could,  at  the  most,  be  a  useless  gratifi- 
cdtion  of  the  curiosity  of  amateurs,  and  an  enumeration  of  their 
secret,  fabulous,  and  talismanic  properties  could  be  of  no  kind  of 
use  to  real  science. 

Chap.  I. 

Sect.  1.  Of  the  Classes  of  Pearls. — Pearls  ate  called  merwarid 
(hence  the  Latin  margarita),  or  lulu  ;  this  last  name  is  usually 
given  them  when  pierced.  They  are  divided  into  various  classes, 
according  to  their  water  and  lustre,     1.  Schahwar,  i.  e.  Royal 

})earis,  the  brightest  and  purest.  2.  Diirr,  the  common  pearls, 
ikewise  called  choschab,  7iedschmi,  and  ojun.  3.  Schtken^  i.  e. 
sugar  pearls,  are  of  a  red  and  yellowish  colour.  4.  Bemnif 
yellow-white.     5.  Serdi,  the  yellow-red.     6.  Kebudi,  the  blue- 


r 


1S20.]  "  The  Book  of  Precitnis  Stones:'  179 

white.     7.  Rossassi,  tliose  ciouded  with  a  kind  of  lead  colour. 

8.  Surchab,  tliose  watered  with  red.  9.  Siakab,  those  watered 
with  black.  10.  ScliemU,  the  wax-coloured  green  and  yellow, 
and  not  irausparent.  11.  liochami,  the  marbled,  dark,  not 
tmnsparent,  and  without  lustre.  19.  C/iuxckkab,  lliose  of  dull 
water,  in  contradistinction  to  thosfi  called  c/mxc/iafi  (mentioned 
above),  i.  e.  of  pure  transparent  water.  Witli  respect  to  their 
form  they  are  divided,  1,  Into  the  miidahredsc/i,  those  quile 
round.  2.  Ghabni,  tfiose  of  the  egg  shaped.  3,  Aakld,  half 
flat  and  half  round.  4.  Sc/ielrhchaini,  turnip- shaped.  .  6.  Adsi, 
lenticular.  IJ.  Seitiini,  in  the  form  of  an  olive.  7.  Sc/iain, 
shaped  like  a  barley  corn.     S.  Seili,  formed  like  a  tail  or  train. 

9,  hchtnii,  in  the  form  of  a  taper.  10.  Fokai,  in  the  form  of  a 
Can.  11.  Nimriii,  hemispherical.  12.  Miissarres.  With  respect 
to  their  size,  they  are  divided  into  la  classes,  according  to  the 
number  of  the  sieves  through  which  they  are  passed,  and  of 
which  one  has  always  larger  holes  than  another.  The  pearls  of 
the  first  sieve,  which  has  the  smallest  boles,  _are  caUed  :  1.  The 
twelve  hundred ;  because  1200  of  them  weigh  a  misk'al.  2.  Those 
of  the  second  sieve,  the  five  hundred.  5.  The  four  hundred, 
4.  The  three  hundred  and  fifties.  3.  The  three  hundreds.  6.  The' 
hundred  and  eighties.  7.  The  hundred  and  seventies.  8.  The 
hundred  and  sixties.  9.  The  hundred  and  fifties.  10,  The 
hundred  and  twenties.  H.  The  hundreds.  12.  The  eighties. 
13.  The  seveuties.  14'.  Fifties.  15.  The  forties,  40  of  which 
weigh  a  mhkat. 

Sect.  2.  Of  the  Pearl  Fisheries. — Tiie  best  are  at  Sereiidib 
(Ceylon),  and  in  the  gulph  of  Persia  at  Bu/iiiiii,  Jt/nc//,  and 
Scharek,  but  the  Arabian  are  less  valued  than  the  Indian ;  their 
colour  and  quahty  depend  on  the  bottom  of  the  sea  where  they 
are  produced  ;  they  become  dark  in  a  black  mud,  andyellowin 
a.  shallow  sea.  The  pearl  oysters  drawn  out  of  the  sea  sometimes 
move  very  quickly,  and  sometimes  not  at  all. 

Chap.  II. 
Sect.  1 .  Of  the  Properties  of  the  Jakut.* — It  is  of  sis  different 
kinds:  I.  The  red.  2.  The  yellow.  3.  The  black.  4.  The 
white.  6.  The  green,  or  peacock  colour.  6.  The  blue,  or  dmoke- 
coloured.  The  first,  namely,  the  red,  is  again  subdivided  into' 
six  kinds:  1.  Wirdi,  the  rose-coloured,  2.  ]irghiwam,  th« 
puiple- coloured.  3.  Behremani,'\  the  yellow-red.  4.  Lahnti, 
the  flesh-coloured.  5.  Sumaki,  the  porphyry-coloured,  6.  Rent' 
mam,  the  pomegranate-coloured.     The  second  kind,  the  yellow, 

•   II  cnnnat  lie  donbtnl  Ihiil  the  jakul  U  wur  <.n|)phlre  (ttliiBle),  ard  li  is  oiInRlib- 
hi|;  (har  thr  iirirnlaliiU  lincl  alroidy,  al  Ibnl  Iroie,  <'  prniirr  Iriru  of  llir.i  ilane,  for 
"  *  '  ;  Ipilrbitd  lo  [be  Inlctt  rcsearchri,  which  Hiirficularly  coiiiciilra  iviii 

liilii  four  cl.-isjts:  iliu  red  (rubis  il'oiioat],  gtllua  (lo|>nzr  d'i>riifii(). 
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has  three  divisions:  1,  Mischmischi,  the  apricot-coloured. 
2.  NizrenrfscAi,  the  orange-coloured.  [).  XcrAi,  the  straw-coloured. 
The  third  and  fifth  kinds  (the  black  and  green),  and  the  second 
and  fourth  kinds  (the  yellow  and  white),  are  one  and  the  same. 
The  sixth  class  (the  blue)  consists  of  four  kinds :  1 .  Asrak, 
the  light-blue.  2.  Ladschiwerdi,  the  azure  colour.  3.  JViVi, 
the  indigo-coloured,  each  of  which  has  several  subdivisions. 
Some  divide  the  jakut  into  four  classes :  into  the  red,  yellow, 
dark,  and  white,  as  they  count  the  peacock-coloured,  and  the 
blue  among  the  dark.  The  jakut  cuts  all  stones,  except  cor- 
nelians and  diamonds,*  and  can  only  be  cut  by  the  diamond. 

Of  other  precious  stones,  only  the  Laal,  of  ^edachschan,  has 
the  lustre  of  the  jakut ;  it  is  harcler  than  all  other  stones,  and 
cool  in  the  mouth  ;  the  red  jakut  appears  white  in  the  fire,  and 
again  attains  its  former  colour  when  taken  out  of  it.  When  it  is 
cut,  it  is  called  memsiih,  and  in  its  original  state  adschemi,  . 
There  are  six  kinds  of  precious  stones  similar  to  the  red  jakut. 
J.  The  Laal.  2.  The  Bidschade.  3.  The  BenefscL  4.  The 
Kerkend.  5.  The  Kerkin.  6.  The  Kuser.  The  kerkend  is  of  a 
dark-red  colour,  and  the  kerkin  reddish-black,  and  transparent 
in  the  sun.  The  kuser  has  all  the  colours  of  the  various  kinds 
oi  the  jakut.  The  difference  between  ih^  jakut  and  the  stones 
that  resemble  it  is,  that  it  scratches  them,  is  heavier,  and  bears 
the  fire.  Thus  the  white  Jakut  weighs  more  than  the  crystal, 
which  it  often  resembles. 

Sect.  2.  Of  the  Mines  of  the  Jakut. — On  the  island  of  Saha- 
ran,  which  is  62  farsanges  in  diameter,  and  hes  about  40 
farsanges  behind  the  island  of  Ceylon,  is  a  high  mountain  called 
Sahun,  in  which  jakuts  of  all  colours  are  found.  In  the  year  of 
the  Hegira,  669  (A.  D.  1270),  a  mine  o{  Jakut  was  discovered  to 
the  east  of  the  village  of  Tara,  in  the  third  climate,  and  in  the 
same  latitude  as  the  Canary  Islands,  and  half  a  da^y's  journey 
from  Cairo,  though  some  people  assert  that  there  is  no  jakut 
mine  except  the  mountain  o(  Sahun. 

Chap.  III. — Of  the  Emerald.  {Semerrud.) 

Sect.  1.  Of  the  Properties  of  the  Emerald. — It  is  divided 
according  to  its  colour.  1.  Into  the  subabi,  grass-green. 
2.  Rihanij  basihsk-green.  3.  Suluki,  leaf-green.  4.  Sindschari, 
dirty-green,  5.  Kerassi,  euphorbia-green.  6.  Assi,  myrtle- 
green.  7.  jSaftwwi,  soap-green.  The  grass-green  is  of  a  beautifiil 
light  colour,  like  the  green  worms  which  are  often  seen  in  the 
grass  ;  it  is  the  lightest,  as  the  soap-green  is  the  darkest.  The 
emerald,  according  to  the  degrees  of  its  purity,  is  also  divided 
into  the  bright  polished  (saikali)  and  the  dark  {sulmani).  The 
first  reflects  every  thing  that  is  held  before  it  like  polished  steel, 

«  This  slalement  of  its  ^rdness  and  weij^t  characterizes  it  witli  the  most  preei- 
s^on.  Though  the  oriental  carnelian  is  uncommonly  hard,  and  difBcaU  to  pothh| 
ikisfar  too  high  csCiniate  of  its  hardness  is  a  singular  but  pretty  general  error* 
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while  Uie  latter  does  not  bear  the  fire  so  well.  The  difFere 
betweeo  the  emerald  and  stones  resembling  it,  as  the  jasper,  the 
gteen  /aal  and  miria  (^treen  glass),  consists  in  the  polish.  The 
oblong  emerald  is  called  kasaba  (staff),  and  several  pieces  of 
emeriudjoined  together  by  7nina  (green  enamel),  are  called  aitar. 
Seel.  2.  Of  the  Mines  of  the  imera/d.*— On  the  borders  Of 
Negroland  is  a  pit  of  emeralds  which  still  belongs  to  Egypt, 
where  they  are  dug  first  out  of  talc,  and  then  out  of  a  red  earth. 
The  soap-green  emerald  is  also  found  in  Hedsc/ias,  and  it  is  on 
that  account  called  the  Arabian. 

Chap.  IV.—OftheChiysolile.  iSeberdscked.)f 
Sect.  1 .  Of  the  Properties  of  the  Chri/soUle. — Ahunasur  Farabi, 
and  many  other  learned philosophera,  do  not  consider  it  to  be  of 
any  particular  species,  but  a  kind  of  emerald :  it  is  more  beautiful 
and  clear,  and  is  divided  into  three  classes  ;  namely,  1.  The 
dark-green.     2,  The  middle-green.     3.  The  pale-green. 

Seel.  2.  Of  the  Mines  of  the  Chrysolite.— it  is  dug  out  of  the 
same  mines  as  tiie  emerald,  and  seems  to  be  composed  of  the 
same  materials, but  leas  finished.^  TeV/an'/iisays.thatinhistimeno 
chrysolite  wasdng^  the  rings  which  are  seen  of  them  come  from. 
Mauritania,  and  tradition  considers  them  as  iragments  of  the 
treasures  of  Alexander,  who  Bought  in  the  deserts  of  Africa 
for  the  fountain  of  life.  After  he  had  penetrated  with  his. 
army  into  the  land  of  darkness,  in  which  flows  the  green 
fountain  of  life,  it  is  said  that  the  gravel  under  their  feet  (green, 
with  the  reflection  of  the  fountain  of  life)  was  called  the  pebbles  - 
of  repentance  {hassbaen-iiedamel').  When  ihey  returned  to  the 
light,  this  sayinw  was  confirmed ;  for  both  those  who  had 
gathered  none  of  the  pebbles,  and  likewise  those  who  had 
gathered  horne,  repented,  the  first,  because  they  had  nothing, 
the  second,  because  they  had  only  chrysolite,  and  which  was  on 
that  account  called  the  pebbles  of  repentance. 

Chap.  V.—  Of  the  Diumand. 
Sect.  I. — There  are  seven  kinds  ofit.     1.  The  wliite -transpa- 
rent.    2.  The  pharaonic.    3.  The  olive-coloured,  Uie  white  of 
which    inclines    to   yellowish,      4,   The    red.     6.  The    freen. 

•  H  is  »rry  iiirercsling  lo  Irnrn,  wilh  some  di^r.-p  of  preclsi..ii,  Ihi?  nricalnl 
minri  of  Ihe  rmetnM,  [u  he  sMr  lo  explain  nbpre  iheClFcrkti  Hiid  tComaua  uf 
Vlioin  nt  have  indablrablE  wurki  iii  trntiaU,  procured  lliii  ktnnr,  ni  Aey  cn'alri 
Mt  be  arquaind-d  wiih  Ihe  only  pincp  where  they  ntc  ntiw  footid,  Ihi  .alley  of 
fen.  FromlnelatrttnccaunlsnriheFri-nchman,  M.  Callnt,  nhti  had  breo  wnC 
fcjt  Ihe  fuH'bn  uf  F^ypI  lo  Innk  for  the  nnrlenUiDiriild  mlne-.hrhos  htea  ■ofurlnniilF' 
■  ai  t»  diH-over  Ihein  in  (he  ncishbourhniid  oftlie  lli'dSea,  which  prcllj  nforly  coin- 
cidei  wilh  ihne  ai'cnunts. 

+  lUtiuiineiely  iran.liilee  (he  StfttrdicSerfjn  Smnmgdiim  mimirM  vnlnrh  in  hU- 
Latia  Irrairie,  hecaute  Ttifaschi,  at  upucars  from  Ihe  Icit,  merely  cniisidrn  il  m 
m^Uni  of  rmrtM.  ' 

X  ThediOerrnrcbelwernllie emerald  and  the  rhryialilp,  linlh  in  Ihcir  rxlernnl 
as  wrll  H9  cbemleal  cbuiHeters,  It  iwn  sufticlenlly  knoM  n,  iintl  uliu  thai,  accordiBC 
lo  mudero  travelleij,  (he  chryeolile  if  Tonad  in  Mjrii. 
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6.  The  black.  7.  The  fire-coloured.  The  first  two  kinds  are 
the  most  common,  the  others  more  rare,  and  that  which  is  quite 
polished,  the  most  seldom  found.  It  does  not  break  on  the 
anvil  under  the  hammer,  but  rather  penetrates  the  anvil.  In 
order  to  break  it,  it  is  laid  between  lead,  which  is  struck  with 
the  hammer,  and  then  it  breaks.  Others  enclose  it  in  resin, 
or  wax,  instead  of  lead.  The  diamond  has  an  affinity  with  gold, 
small  particles  of  which  are  attracted  bjr  it ;  it  is  also  much 
sought  for  by  the  ants,  and  covered  with  them,  as  if  th^ 
would  devour  it.  In  India,  where  it  is  very  highly  esteemed, 
the  exportation  of  it  was  formerly  prohibited. 

Sect,  2.  Of  the  Diamond  Mines, — In  the  eastern  part  of  India 
is  a  deep  ravine  inhabited  by  serpents,*  where  diamonds  aie 
produced.  Some  people  suppose  that  it  is  found  in  the  jakut 
mines.  • 

Chap.  VI. — Of  the  Cat's  Eye.    (Ainol-hurr.) 

Sect.  1.  Of  the  Properties  of  the  Cat^s  JBye.—  It  is  a  brilliant 
transparent  stone,  which  appears  to  the  spectator  like  the  eye  of 
a  cat  seen  in  a  light  place.  If  you  turn  the  stone,  this  bright 
focus  also  turns  ;  and  if  light  falls  on  it,  it  plays  in  waves,  which 
move  the  more,  the  stronger  the  light  is  which  falls  on  it ';  if  you 
break  a  cat's  eye  into  pieces,  you  find  the  same  focus  in  ereiy 
one  of  them. 

Sect,  2.  Of  the  Mines  of  the  Cat's  Eye. — It  is  affirmed  that  the 
cat's  eye  is  found  in  the  jakut  mines,  and  formed  of  the  same 
matter. 

Chap.  VII.— 0/fAe  Spinell.  (Laal.)f 

Sect.  1 .  Of  the  Properties  of  the  Spinelhts. — It  is  of  four 
different  kinds:  1.  Red.  2.  Yellow.  3.  Violet.  4.  Green, 
like  the  emerald.  Sometimes  the  same  stone  is  half  green  and 
half  red.  The  red  is  of  eight  kinds  :  1 .  Gesdhdimegi.  2.  Piasegi. 
3.  Temerij  the  date^like.  4.  Lahmi,  the  fleshy.  5.  Anabi,  t^e 
dove-like.      6.  Bakamiy    having   the  colour   of  Brazil  wood.J 

7.  Edrisi,  the  stone  enoch.  8.  Ekheb,  the  dark.  The  gesch- 
dimegi  is  remarkable  for  its  pleasing  colour  and  lustre..  The 
piasegi  has  derived  its  name  from  the  village  of  Piizseg.  The 
flesh-like  is  dark-red.  The  gradations  of  the  spinell  are  various, 
and  jewellers  know  very  well  that  there  is  sometimes  no  differ- 
ence in  the  colour  between  the.spinellus,  the  garnet,  and  the 
coloured  ciystal.     The  difference  consists  in  the  superior  hard- 

*  Here  the  weU-knnwn  fable  is  meotioiud,  out  of  fbe  lliousand  and  one  iiJgUi> 
oF  the  birds  which  fetched  up  pieces  of  meat  to  which  the  diamonds  gtuck. 

f  It  is  not  to  he  doubted  that  laal  is  our  spineUuK,  which  is  found  in  all  shades 
of  red,  and  several  of  violet  and  bronze,  as  al80.|:i«en,  liiic  pierre  de  M^komeit  «s 
yellow,  or  under  a  denomination  of  red,  the  author,  perhaps,  took  the^liyackitli, 
which  h.'M  much  rehcmblauce,  both  inits  brtHiaacy  and  the  manner  of  irealiogU  for 
the  purpoi^e  of  polishinf. 

i  M.  Von  tiammer  hasliere  the  wor4  Pernandmkartige^  which  il  aeews  diftcvlt 
to  translate  otherwise;  yd  Brasil  was  not  known  lo  the  Persian  author. 
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oess  of  the  spineJIus,  which  is  not  broken  on  the  anvil,  while 
the  coloured  crystal,  when  held  to  the  sun,  appears  white.  The 
/tt4il  had  its  name  from  Bedachschau,  not  so  much  because  it  is 
fouud  there,  as  because  it  is  sold  in  that  province. 

Sect.  2.  Of  the  Mhies  of  the  Spiiiell.— At  the  time  of  the  Cali- 
phate of  tlie  Abbassides,  a  mountain  at  Challan  was  rent  opea 
by  an  earthquake,  where  there  was  found  the  laal  of  Bedach- 
schan  bedded  in  a  white  stone.  It  is  very  hard  to  pohsh,  and  it 
was  a  lone  time  before  it  could  be  smoothed,*  till  it  was  atlength 
accomplisned  by  means  of  the  gold  marcasite  called  ebrendscke. 
Smaller  stones  are  i'ound  in  the  bed  round  a  large  one,  like  the 
seeds  of  a  pomegranate.  The  miners  call  this  bed  of  the  spinell 
tnaal.  There  were  found  in  the  mines  first  red,  then  yellow 
laal,  and  it  belongs  to  the  kinds  of  the  iahiit. 

Chap.  VIII.— 0/ (Ac  Turquoise. 

Sect.  1.  Of  the  Properties  of  the  Turquohe  (Firuse). — It  comes 
l.From  'Nhchabur.  1.  From  Ghasna.  3.  From  Irak.  4.  Rer- 
man.  5.  From  Chowaresm.  The  first  is  the  most  valued,  on 
account  of  its  hardness,  purity,  and  durable  colour.  This  has 
seven  kinds:  \.  Abu  hhiiki.  2.  Esheri.  'A.  Suleimani,  a  milky 
and  sweet  stone,  4.  Sermuni,  with  golden  spots.  5.  Chakt, 
sky-blue.  6.  Abdol-medschidi,  beautifully  coloured,  but  sofl^ 
7.  Andelibi,  a  httle  milky.  The  turquoise  is  bright  or  dull, 
.■ccording  to  the  weather ;  f  aud  is  laigei-  in  rainy  dayB  than  io 
fair.  One  kind  of  it  becomes  of  a  more  beautiful  colour  in  oil,  % 
but  then  loses  it  again.  Jewellers  call  it  mescha  :  that  of  two 
colours  is  called  ebresck.  The  turquoise  is  also  similar  to  a  kind 
of  green  and  blue  enamel.  Accordini^  to  the  time  in  which  it 
wae  dug  up,  it  is  divided  into  the  old  and  new  mines,  of  which 
the  new  change  the  colour.^ 

Sect.  2.  Of  the  Mines  of  the  Turquoise. — It  is  found  in  those 
places  after  which  it  is  called;  the  most  beautiful  and  richest 
mines  are  at  Nischnbur,  where  that  called  after  Abu  Ishak  ia  the 
most  beautiful,  and  the  andelibi  the  faintest. 

Chaf.  IX. — Of  the  Bezoar  (Pasehtr)  and  other  Animal  Stooes. 

Sect.  1 .  Of  the  Properties  of  the  Bezoar. — It  is  of  two  kinds : 

1.  The  animal.     2.  That  found  in  mines.     The  latter  is  divided 

*  The  spinell  is  rilrmely  diflicnit  to  pnlitb,  nliich  can  only  be  rOVcled  hy  nil 
.«f  lUriol  (ID  a  coil  per- 1)  I  ale.  And  il  iivcry  remarkable  thai  Ilie  authiir  laealioai,^ 
inrtfBd  of  Ihe  uil  of  viitiol  u*ed  bv  oiirlaiiidariei,  ibe  marauilc  (iron  pj tiles), frup* 
which  ihe  oil  ofviltiulmaj  be  producsd. 

f  Tli»e  arc  prnlmbly  limebtniie  cnlimieci  by  Tiliiol  af  copper. 
i   The  blue  uf  ihr  tnrquiibe  is  iii  tcalily  of  to  delicate  B  rolanr  that  the  inflaencB 
;«C4balighl  (in  a  biiehfor  pctonmy  day  seeina  la  causr  a  slriliin;  ehanee  in  it, 

^  iB«nie  lurqui>i«e«  frequenlly  cbange  Ihe  sbade  nF  Ihcir  calnur.  which  iirobatll;  b 
uined  by  (heir  iiiferinr  baidnens  nud  poroiity,  and  frnni  the  effects  iif  acMf,  ar 
^,.:,.- e     ■,.   !_!__      .1..,  .^  ^  |,j|j^  ^jmi  jjjm,  [,j||g  lurquolsci  ooo  lurnal 
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into:  1.  The  yellow.  5.  The  green.  3.  The  dust-coloured.' 
4.  That  spotted  hke  a  lizzard.  5.  The  whitish,  spotted  with  gold 
spots.  They  make  of  it  chessmen,  draughtsmen,  handles  for 
knives,  and  the  like.  If  vou  throw  the  green  bezoar  into  the  fire, 
it  turns  black  without  bemg  burned ;  the  inhabitants  of  Kcnnan 
call  it  muchati  scheitan.  It  is  the  contrary  with  the  animal 
bezoar ;  it  is  likewise  sometimes  green,  sometimes  yellow,  some- 
times of  a  dust  colour,  may  be  easily  powdered,  and  as^uineS' 
a  white  colour  when  it  is  powdered  on  the  stone.  It  is  divided 
into  the  cow  bezoar  (hakari),  and  into  the  sheep  bezoar  (schati). 
The  former  is  a  soft  yellow  stone ;  the  latter,  green  and  soft. 
It  is  very  often  counterfeited ;  the  real  may  be  distinguished 
from  the  false,  as  the  former  will  not  take  a  mark  of  fire,  as  its 
colour  does  not  fall  into  a  blueish,  as  it  has  no  dots,  and,  when^ 
rubbed,  gives  off  a  white  colour. 

Sect.  2.  Of  the  Mines  of  the  Bezoar.^--lt  is  found  on  the 
borders  of  India  and  China,  as  also  between  Mossul  and  Dsche- 
sirei  Ben  Omer.  It  is  said  that  the  animal  bezoar  is  produced 
in  China  in  the  eyes  of  the  stags,  in  which  the  exhalations  of 
serpents,  which  they  have  devoured,  precipitated  by  the  water, 
are  said  to  be  condensed  into  bezoar.  The  sheep  bezoar  is  said 
to  be  produced  in  the  stomachs  of  some  sheep  on  the  frontiers  of 
Persia. 

C.iAP.  X. — Of  the  Cornelian  (Akik). 

Sect.  1,  Of  the  Properties  of  the  Cornelian. — It  has  seven, 
kinds:  1.  The  liver-red.  2.  The  rose-red.  3.  The  yellow.* 
4.  The  white.  5.  The  black.  6.  The  blueish.  7.  That  of  two 
colours.  Though  a  hard  stone,  it  is  much  used  for  engraved 
seals. 

Sect.  2.  Of  the  Mines  of  the  Cornelian. — It  is  found  in  Sanaa 
and  Aden,  in  Yemen,  on  the  frontiers  of  India  and  Rum,  and  ia 
ihe  neighbourhood  of  Bassra. 

Chap.  XI. — Of  precious  Stones  resembling  the  Jakut,  viz.  1.  The 
Benefschf  (Violet).     2.  Bidschade  (Garnet).    3.  Badendsch. 

Sect.  1.  Of  the  Properties  of  the  Benefsch. — It  is  of  four 
different  kindfs  :  1 .  Madeni,  of  a  pure  bright  transparent  red 
colour,  quite  similar  to  the  red  jakut ;  so  that  if  it  is  strung  with 
the  jakut  upon  the  same  thread,  the  best  judges  can  s^carcely 
distinguish  them.  2.  Rutbi,  garlic.  3.  Benefschschi,  blackish- 
red.  4.  Islasescht,  of  a  light-yellow  colour.  All  kinds  of  the 
benefsch  J  have  an  affinity  with  the  laal,  but  the  benefsch  inclines 
more  to  b'ue  than  the  lactl. 

*  Yellow  is  railed  $ei'd  in  Persiao  ;  and  here,  and  hot  iu  the  city  of  Sardei,  we 
Are  tP  look  for  the  origin  of  the  name  of  the  sardonvx. 

+  Iknefsch,  Bidschade,  and  Madendsch,  are  certainly  only  dilTerent  sharks  sT 
Ike  garnet,  and  may  probably  be  the  violet  (nimandin),  the  dark-red,  and  ih& 
^elJouish-red  oriental  {rjirnet  j  namely,  that  of  Ceylon  and  Syria.  Thai  iheir  »pe» 
clfic  fsravities  arc  very  diflerent  is  well  known. 

4:  Raviui  traotlatcs  BencfdCh  by  amethyst,  as  falsely  as  be  does  jaktit  hy  hjacivlk* 
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Secondly,  Bidschnde,  the  garnet,  is  a  red  stone,  of  pure  water, 
which  ofteD  loses  its  lustre  when  worn  in  the  dress,*  and  which 
is  distinguialied  from  the  jakut  not  only  by  its  inferior  weight, 
but  also  by  a  greater  degree  of  warmth,  the  jakut,  wnen 
taken  into  the  mouth  being  cold,  and  making  it  moister,  while  the 
contrary  takes  place  with  the  garnet.  Thirdly,  the  madeiidach, 
or  viadcbendich,  is  a  very  red  stone ;  it  is  quite  similar  to  ths 
garnet,  but  its  red  inclines  more  to  black,  and  it  is  hghter  in 
weight.     It  hns  no  lustre  till  it  is  cut  deep  from  below .■]• 

Sect.  2.  Of  the  Mines  of  these  S(o«e3.— The  benefsch  is  found 
ID  the  mines  of  the  spinell ;  the  garnets  and  niadendsch  (made- 
bendsch,  or  madenidsch)  are  found  on  the  frontiers  of  Bcdack- 
schait,  and  brought  to  Cackemire,  about  ten  days'  journey  ofi^ 
which  has  given  rise  to  the  erroneous  supposition  that  there 
were  mines  of  them  at  Cachemire.  The  garnet  has  a  division 
like  the  laal,  and  is  found  in  the  mountain  of  Sahun,  where  there 
are  also  jakut  mines.  When  they  come  from  the  mines,  they 
are  dark,  and  without  water,  and  are  not  bright  and  transparent 
lill  they  are  cut. 

Chap.  XII.— 0/ (Ac  Onyx  {Dschest). 

Sect.  1.  Of  the  Properties  of  the  Ohj^jt.— There  are  several 
kinds,  as:  I.  Babawi.  2.  'Hadeschi.  3.  Anebi.  But  they 
are  classed  according  to  their  colour :  1 .  Into  the  white.  2.  Into 
the  black.  3.  Into  the  red.  4.  Into  the  particoloured.  The 
bakrawi  has  three  layers  ;  the  tirst,  red,  and  not  transparent; 
the  second,  white  and  transparent ;  the  third,  transparent,  like 
Ciystal.  The  kaOescki  has  likewise  three  layers,  two  dark,  and 
a  white  one  in  the  middle.  The  onyx  is  tlie  hardest  stone  after 
the  diamond  or  jakut,  and  is  about  the  same  weight  as  a  corne- 
lian. Some  onyxes  are  striped,  others  not;  ui  others,  the 
fitripes  are  interrupted  ;  so  that  they  form  singular  figures. 

Sect.  2.  Of  the  Mines  of  the  0;i^j.— Though  the  onyx  is  found 
in  several  places,  the  most  esteemed  are  those  found  on  th« 
frontiers  of  China  and  Arabia. 

Chav.  XIII.  OflheMagnet. 
Sect.} .  Of  the  Properties  of  the  Magnet.— "Vhere  are  four  kind* 
of  the  magnet:  1.  The  iron  magnet,  commonly  called  the  iron 
robber,  akeiirii/ia.  2.  The  go/d  magnet,  3.  The  sHver  magnet. 
4.  The  tm  magnet,  which  attracts  gold,  silver,  and  tin.  The 
magnet  loses  its  power  in  oily  substances,  but  increases  it  when 
pnt  into  blood,  gold,  or  vinegar.  The  silver  magnet  is  a  white 
light  stone,  which  swims  on  water,  attracts  silver,  and  is  coow- 

*  Ailliey  have  liute  liBr<Inns,ihe}Mi<in  bminiF  dull. 
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monly  caUed  hadschrol-bokur,  k  e.  cow's-stone.  The  gold 
magnet  is  a  pale  yellow  stone^  which  attracts  gold,  and  the  tia 
magnet  is  a  neavy  sinking  stone,  which  attracts  tin. 

Sect.  2.  Of  their  Mines. — They  are  found  in  Arabia,  India, 
and  other  places. 

Chap.  XIV. — Of  the  Senbade.*  (Quaery  Spar?)  (German  Spath?) 

Sect.  1.  Of  the  Properties  of  the  Spar. — It  is  a  hard  stone, 
which  polishes  ir6n  and  steel.  It  is  distinguished  from  stones 
which  resemble  it  by  its  hardness,  which  is  next  to  that  of  the 
diamond,  which  alone  scratches  it.  It  is  either  reddish  or 
blueish. 

Sect.  2.    Of  the  Mines  of  the  Spar. — It  is  found  in  many 

J  laces,   as  in  India,  Zanguebar,  Siwas,  Kerman,  Nubia,  and 
Ithiopia.    The  best  comes  from  Nubia  and  Siwas. 

Chap.  XV Of  the  Malachite  (Dehne). 

Sect.  1.  Of  the  Properties  of  the  Malachite, — ^The  malachite 
is  a  green  stone,  which  has  the  colour  of  verdigrease,  with  red 
and  black  spots.  Some  persons  affirm  that  in  Turkistan  a  red 
malachite,*  of  the  colour  of  the  red  jakut,  )&  produced.  The 
dehne  is  of  five  kinds:  L  The  leek-green.  2.  Basilisk-green. 
3.  The  black-green.  4.  The  white-green..  5.  The  emerald-green. 
The  pure  malachite  is  called  the  sweet  (schiria\  and  the  dull  the 
bitter  (telch.)  This  is  only  valued  very  much  in  Syria  and 
Europe;  when  it  is  smeared  with  oil,  it  receives  additional  lustre; 
when  it  is  old  and  much  worn  it  loses  its  beauty,  and  the  whit^ 
of  its  spots  turns  yellow.  It  appears  like  the  turquoise  bright  in 
serene  weather,  and  in  cloudy,  dull.  If  you  rub  it  with  Qatroa 
Bnd  oil,  you  obtain  the  purest  copper. 

Sect.  2.  Of  the  Mines  of  the  Malachite. — It  is  found  in  five 
places  :  in  the  mountains  of  Mauritania,  in  Keiman,  in  Haske^ 
Tek,  near  a  city  which  was  built  by  Efrassiab,  in  Turkistan,  and 
in  Arabia,  in  the  cavern  of  the  Beni  Salem.    ^ 

CiiAP.  XVI. — Of  the  Lapis  Lazuli  {LadscMwerd). 

Sect.  1.  Of  the  Properties  of  the  Lapis  Lazuli. — Its  four  kinds 
*are;  namely,  1.  Bedachscbi.  2.  Gurdschi.  3.  D^rmari.  4.jLer- 
>mani.  The  first,  i.  e.  that  from  Bedachschan^  is  divided  into 
.that  with  gold  spots,  and  into  that  without.  Powdered  "lapis 
•lazuli  thrown  into  the  fire  produces  a  many-coloured  smoke. 

Sect.  2.  Of  the  Mines  of  the  Lapis  Lazuli. — ^The  most  remark- 
able of  them  is  the  lapis  lazuli   mountain  in    Chatlan,  near 
^iBedachschan,  but  it  is  also  found  in  Georgia,  in  Kerman,  andia 
other  places. 

t  *  Seobade  is  most  probably  ffaf  diamond  ftpar,  or  cormriHmi  $  mid  tbeiffNrdspttr 
{tpalh)  is  more  likely  derlveil  from  senbad  tbaa  from  ipiihen,  from  wbicb  AdelttPC 
derive!  it. 
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Chap.  XVIL—Of  the  Coral  (_Bessed and  Merd^c/tan.)* 

Sect  1.  Of  the  Properties  of  the  Ciral. — There  are  four  kinds 
of  corals  :  1.  The  reli.  2.  The  white.  3.  The  black.  4.  The 
dark-coloured.  They  are  soft  and  white  as  long  as  they  are  in 
the  water,  only  become  hard  when  out  of  the  water,  and  assume 
different  colours :  the  genuine  can  be  distinguished  from  the 
counterfeit  by  the  smell  of  the  sea  weed  ;  in  oil,  they  become 
beautiful  and  shining,  but  in  vinegar  soft  and  white.  They  are 
very  much  v&lucd  in  China  and  India,  because  they  are  used  for 
adorning  the  idols.  Trlfaschi  relates  that  he  had  seen  a  smell- 
ing bottle  made  of  a  coral,  a  span  and  a  half  long,  and  three 
fingers  broad. 

Sect.  2.  Of  the  Phces  where  they  are  found. — They  are  gen^ 
rally  fished  up  in  the  Mediterranean  Sea.  The  best  are  the 
reddest,  and  the  largest  of  a  straight  stem.  They  are  polished  with 
spar,  and  bored  through  with  steel  of  Damascus. 

Chap.  XVill.— Of  the  Jasper  (Jascheb,  or  Nassl). 

Sect.  1 .  Of  the  Properties  of  the  Jasper. — It  has  five  kinds  ; 

1.  The  white  and  light.     2.  The  whitish-yellow.     3.  The  black- 

fljeen.     4.  The  transparent  black.t     5,  The  dust  colour.     In 

China,  they  make  a  false  jasper,  which  is  distinguished  from  the 

fenuine  by  its  smoky  smell.  Tf  a  vessel  of  genuine  jasper 
reaks,  it  is  repaired  with  artificial  pieces,  which  are  scarcely 
to  be  distinguished  from  the  natural. 

Sect,  2.  Of  the  Mines  of  the  Jasper. — In  China  there  are  two 
mines  of  it,  of  which  the  one  called  Ak  Kasch  prodoces  light 
jasper,  and  the  other  called  Kut  Kasch,  dark.  Tne  lai^e  pieces 
belong  to  the  Emperor,  the  smaller  to  the  workmen.  Jasper  » 
also  found  on  the  frontiers  of  Kaschgar,  in  Kermait,  and  Arabia. 

Chap.  XIX.— 0/(Ae  OyUai  iJicllor). 
Seel.  1,  Of  the  Properties  of  the  OystaL—H  is  more  pleasing. 

Jure  and  clear  than  other  precious  stones,  and  is  of  two  kinds  : 
.  The  clear  and  pure.  2.  The  dark-yellowish.  It  can  be 
melted  like  glass,  and  then  coloured  in  imitation  of  the  jakut, 
laal,  or  emerald.  Teifaschi  relates,  that  in  his  time  a  merchant 
of  Mauritania  was  in  possession  of  a  bath  made  of  two  pieces  of 
crystal,  which  was  so  large  that  four  persons  could  sit  in  it.  In 
the  Treasury  of  Goswu  there  were  four  crystal  vessels,  each  of  which 
contained  two  skins  {horachio')  of  water.  Abu  liihiin  mentions  the 
assertion  of  the  lapidaries  that  there  was  often  found  in  crystal 
wood,  and  the  like,  and  that  he  himself  had  seen  two  crystals,  in 
one  of  which  was  enclosed  a  green  twig,  and  in  the  other  ai- 
hyacinth. 

•  Some  laj  llml  btueii  a  the  Persian,  and  mcri.ckan  Ihp  Arabian  won!  for  corals  | 
Mhm,  Ihal  Ihe  fiiruer  -.rgiiilir'!  Ihf  btpni,  and  iIif  lallrr  the  liranehrj>. 

t  TtielranoiiBrealbluckjniprrinrij,  iirtbapi,  be  Ihc  ubildiun,  If  it  is  known  la 
orlcnlal  naluraliils. 
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Sect.  2.  Of  the  Mines  of  the  Crystal. — ^The  crystal  is  found  in 
seven  places :  In  India,  Turkistan,  Europe,  Arabia,  China, 
Armenia,  and  the  remotest  frontiers  of  Moghrjib  (Mauritania). 
Some  prefer  the  Arabian  to  the  Indian,  but  the  least  valued  is 
the  Armenian,  which  is  called  riin-bellor. 

Chap.  XX. —  Of  the  Amethyst  {Dschemest). 

Sect.  1.  Of  the  Properties  of  the  Amethyst. — The  amethyst  has 
several  colours,  like  the  rainbow,  and  four  kinds :  1.  Deep  rose- 
coloured  and  sky-blue.  2.  Pale  rose-coloured  and  deep  azure. 
3.  Pale  rose-coloured  and  sky-blue.  4.  Deep  rose-coloured  and 
pale  sky-blue.  The  Arabians  set  an  extraordinary  value  upon 
tlie  amethyst,  and  adorn  their  arms  with  it. 

Sect.  2.  Of  the  Mines  of  the  Amethyst. — It  is  found  in  the 
environs  of  the  village  of  Safwa,  about  three  days' journey  from 
Medina.  Wine  drunk  out  of  a  goblet  of  amethyst  does  not 
intoxicate.* 

Conclusion. 

Of  various  other  Stones. 

Sect.  1 .  Of  the  Weschich,  or  Schebak  {probably  Jet). — It  is  a 
black  stone,  easily  broken,  which  reflects  objects.  It  is  of  two 
kinds ;  the  Indian  and  the  Persian ;  the  former  is  better  than 
the  latter. 

Sect.  2.  Of  the  Chamahen. — It  is  called  the  ass's  stone ;  it  is 
very  hard,  and  can  only  be  bored  by  the  diamond ;  when  broke 
it  divides  into  branches ;  and  when  rubbed  on  a  hard  stone, 
colours  it  red :  the  most  beautiful  is  tlie  blackish-red ;  it  is 
iound  in  the  district  of  Karak. 

Sect.  3.  Of  Talc  {Talk). — It  is  of  two  kinds :  that  produced  in 
the  open  air,  and  that  found  in  mines.  It  is  called  jsitarei  semin, 
i.e.  star  of  the  earth,  on  account  of  its  clearness  and  lustre. 
Artificial  pearls  are  made  of  it,  which  are  scarcely  distinguish- 
able from  the  natural.  They  may  be  known  from  each  other  by 
this,  that  the  artificial  swim  on  the  water,  but  the  genuine  sink. 
The  talc  does  not  bum  nor  calcine  in  the  fire.  If  you  dissolve  it 
and  rub  the  limbs  with  it,  it  makes  them  fire  proof.t  It  is  found 
in  many  places ;  the  best  in  Cyprus.  The  talc  can  neither  be 
pounded  in  mortars,  nor  broken  to  pieces  with  iron  hammers* 
The  way  to  dissolve  it  is  to  boil  it  with  beans,  to  wrap  it  then  in 

*  To  tliis  opinion  of  tbe  amethyst,  which  is  current  also  in  Europe  (by  which  it 
has  |;ained  the  honour  of  bein^  used  as  a  test  or  touch  stone)  it  seems,  to  owe  its 
Persian  name,  in  tvhich  wc  find  the  narae  of  Dschem  or  Dschemsshid,  whose  i^oblet  is 
laid  to  have  consisted  of  a  single  amethyst.  The  Greel^  name  AyuidvpTOf  is  also  unia* 
toztrated,  but  it  Js  originally  to  be  derived  from  Dschemest^  as  the  jasper  fron 
Jtttchehy  tbe  hyacinth  from  Jacut^  the  ^merak!  from  Semerrudy  pearls' (Margn rite) 
from  Merwarid^  the  turquoise  from  Firuu^  the  lapts  lazuli  from  Lad»chiwerd^  tbe 
sardonyx  from  Sard^  tulc  from  Talk,  chalk  from  KaU,  &c.  fie. 

f  If  this  is  confirmed,  it  is  probably  the  secret  of  (he  incombustibility  of  the 
Denrice  Rufaji,  who  performed  all  kinds  of  tricks  with  a  red-hot  iron. 
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a  niece  of  linen,  and  to  beat  it  till  it  is  dissolved,  and  oozes  like 
milk  through  the  linen.  If  dissolved  talc  is  mixed  with  a  little 
resin  and  safiroii,  and  used  as  ink,  it  makes  a  gold  ink,  and 
without  saiFron,  silver  ink, 

.  Sect.  4.  Of  the  Raitistoue.—A  soft  stone,  of  about  the  size  of 
-K  large  bird's  egg,  which  is  much  celebrated  among  the  Turks. 
It  is  of  three  kinds :  1 .  The  dust  coloured  with  red  and  white 
spots.  2.  The  dark-red.  '•i.  The  various  coloured.  Some  per- 
sons consider  it  as  a  production  of  a  mine  ;  some  as  an  ammal 
stone,  which  is  said  to  be  found  in  the  stomachs  of  swine,  or  in 
the  nesls  of  some  large  bird.  The  Turkomans  affirm  that  they 
can  produce  rain  and  snow  with  this  stone. 

Sect.  6.  Of  the  Eagle  Stoitc. — If  yon  shake  it  you  hear  it 
rattle  as  if  there  were  something  in  it ;  and  on  breaking  it,  you 
find  nothing  in  it. 

Sect.  6,  TheJarakan  {the  Jaundice  Stone). — It  is  a  stone  with 
red  and  yellow  spots,  which,  when  it  is  rubbed,  leaves  a  red 
mark.  It  is  so  hard  that  it  can  only  be  bored  through  with  the 
<iiamond;  a  little  black  stone  which  the  swallows  carry  into 
their  nest  to  cure  their  young  of  the  jaundice. 

Sect.  7.  The  Vinegar  Stone. — It  attracts  \inegar,  but  cannot 
remain  in  it,  as  it  always  flies  out  when  thrown  mto  it. 

Sect.  8,  The  Oil  Stone  is  set  in  flames  when  water  is  poured 
over  it,  but  it  is  extinguished  with  oil. 

Sect.  9.  The  Jew's  Stone. — A  shining  stone,  which  is  produced 
in  the  sea^  and  has  three  kinds  :  1.  The  round,  2.  That  in  the 
ghape  of  a  nut.  3.  The  oval ;  is  often  marked  with  black  stripes, 
is  hurtful  to  the  stomach,  but  very  useful  to  the  bladder. 

Sect.  10.  The  Milk  Stone,  which,  when  rubbed,  leaves  a  whita 
mark  ;  it  is  ash-coloured,  and  has  a  sweet  taste. 

Sect.  11.  The  Mouse  Stone,  which  has  the  smell  of  mice. 

Sect.  12.  T/ie  Blood  Stone,  also  Scliadendsck,  i.  e.  lentil  Stone. 
— This  last  kind  is  used  to  pohsh  the  surface  of  the  eye  (den 
Spiegel  des  auges  darait  ku  gl'atten). 

Sect.  lU.  The  Moon  Stone,  a  stone  with  spots,  which  become 
larger  and  smaller  with  the  increase  and  wane  of  the  moon. 

Sect.  14.  The  Colour  Stone,  which  always  reflects  different 
colours. 

Sect.  15.  The  Sleep  Stone,  which  produces  sleep  when  hung 
ever  the  bed. 

Sect.  IS.  The  Stone  Mishal,  which  Is  said  to  be  thrown  up 
from  the  Mauritaniaii  Sea. 

Sect.  17.  The  Marcantc,  likewise  called  the  Stone  of  Bright- 
ness, is  divided  into  several  kinds  :  the  gold  marcasite  is  dug  up 
near  Ispahan,  and  is  called  Ebrendsche ;  it  is  used  to  polish 
the  spmellus  :  the  silver  marcasite  comes  from  the  frontiers 
of  Bedachschan ;  the  copper  and  iron  marcasite  is  similar  to 
copper  and  iron. 

Sect.  18.  The  Magnina  {Manganesef)  which  is  used  bv  th.« 
^■Ifws  manufacturer.     It  is  divided  into  tha.^  m'l^  \\^.^\.^  %tA'\'Qh~ 
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that  with  large  shining  spots ;  but  according  to  the  colour  into 
the  blackish,  yellowish,  and  reddish. 

Sect.  19.  Of  the  Siimie  and  Tutia  {query  Antimony  ?).— It  is  a. 
bright,  heavy,  transparent,  black  stone,  which  is  divided  accord- 
ing to  the  country  where  the  mines  are  situated,  into  those  o* 
Ispahan,  Herat,  Sabulistan,  Georgia,  and  Kermaif. .  The  first  is? 
the  best,  the  last  the  worst ;  if  powdered  Siirme  is  applied  to  the 
eyes,  it  increases  theiV  polish.  The  tutia  (the  genuine  eye-paint),, 
is  divided  into  those  of  Ketman,  Kand,  India ;  the  last  is  pure 
and  white  like  salt ;  that  of  Kerman  yellowish.  It  is  made  by 
laying  the  natural  tutia  stoAe  upon  coals,  and  catching  the 
vapour  in  an  alembick  upon  nails.  The  lightest  tutia,  and  the 
best  for  the  eyes,  is  that  which  forms  on  the  points  of  the  nails, 
the  second  sort  on  the  middle,  and  the  coarsest  sort  on  the 
heads  of  the  nails.  The  Indian  is  produced  on  the  shore  of  the 
tea;  and  is  much  used  in  alchemy. 

Sect.  20.  Of  the  Proportions  of  some  precious  Stones  to  others. 
"-^Abu  liihan  is  s^id  to  have  found  by  experiment  that  a  miskal 
of  blue  jakut  is  equal  in  size  to  five  danV  *  and  three  tissu  of 
red  jakut,  or  to  five  dank  and  two  and  a  half  tissu  of  laal;  and  that 
four  dank  minus  a  tissu  of  coral  are  equal  in  size  to  four  dank  minus 
two  tissu  of  onyx  and  crystal.  The  mode  of  discovering  the  size  and 
weight  is  the  following :  a  vessel  is  filled  with  water,  and  the 
stones  thrown  singly  into  the  water;  the  quantity  of  water  which 
is  expelled  from  the  vessel  by  means  of  each  stone  is  equal  to 
tiie  room  it  occupies.    God  knows  best.  ^ 


.    Article  VI. 

Ijiescription    of  an  Apparatus  for  the    Analysis  of  organized 
Substances.    By  W.  Prout,  M.D.  F.R.S.  &c" 

There  is  nothing  new  in  the  principle  upon  which  the  analy- 
tical process  is  conducted  by  the  following  apparatus.  The  sub^ 
stance  to  be  analyzed  is  introduced  into  a  glass  tube,  G  (PI.  CII). 
(about  ^th  or  -^th  of  an  inch  in  diameter,  and  IQ  inches  long) 
mixed  with  the  requisite  quantity  of  the  black  oxide  of  copper, 
precisely  in  the  same  manner  and  with  the  same  object  eicplained 
by  me  in  a  foimer  paper  on  this  subject.*  The  tube  above-men- 
tioned is  inserted  firmly  into  a  piece  of  cork  at  its  upper  and  open 
end  in  such  a  manner  that  about  half  an  inch  of  it  may  project 
beyond  the  larger  end  of  the  cork.  The  cork  is  then  placed  in 
the  conical  hole  in  the  piece  of  brass,  C  (fig.  2),  fixed  in  the 

*  Accordio|*to  Menioski,  a  Janik is  equal  in  £||;yptto  three  carats ;  acconliDf;  4» 
Cassira,  two  in  Spain,     it  is  the  fourth  part  of  a  drachm,  hot  ac(:ording  to  ¥tr^ 
beoglhe  sixth.    Tlie  tistu^  according  to  Ferheng,  weighs  sometimtt  two,  sc-^^*— 
Jbitr  boiiey  eornt ;  and  the  mitkal  Is  one  drachm  and  a  half. 
/  See  Med.  Cbirurg,  Trans,  vol.  vU\.  p.  5^. 
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bottom  of  the  wooden  disli,  H,  and  the  dish  is  placed  upon  th«|  J 
support,  D,  which  has  a  hole  in  its  centre  adapted  for  receivingi 
it.     F,  is  a  spirit  lamp  with  a  circular  wick,  hke  the  commcn  ■ 
Argand  lamp.     This  lamp   stands  upon  a  support,   C  (fig.  1); 
capable  of  being  moved  up  and  down  by  means  of  the  counter^ 

rize weights,  MM,  attached  to  the  lines  paasingoverthepuUey»; 
L,  in  a  manner  easily  understood  by  a  bare  inspection  of  the 
figure.     The  tube,  G,  passes  through  the  centre  of  the  lamp,  and 
thus  is  enveloped  equally  on  all  sides  by  the  flame.  The  gaseous 
products  are  collected  in  the  graduated  tube,  K,  which  had  been 
previously  filled  with  mercury,  and  inverted  in  the  wooden  dish 
above  described  Ukewise  partly  filled  with  mercury.   The  external 
glass  tube,   I,  is  furnished  with  a  brass  screw  cap  by  which  it 
can  be  attached  at  pleasure  to  the  piece  of  brass  fixed  in  the 
bottom  of  the  wooden  dish,  in  the  manner  shown  in  fig,  2.     Th»  •  ■ 
use  of  this  tube  is  to  afford  an  easy  means  of  equahzing  the,   m 
height  of  the  mercury  on  the  inside  and  outside  of  the  tube,  K>    I 
and  thus  to  supersede  the  necessity  of  calculation,     N  is  a  cir^     ™ 
cular  tin  plate,  with  a  hole  in  the  centre,  of  such  a  size  as  to 
admit  the  tube,  G.     This  plate  is  suspended  by  wires  from  ths 
support,  D  ;  and  its  use  is  to  prevent  the  action  of  the  flame  of 
the  lamp  upon  the  wooden  dish,  H,  and  its  contents.     Fig.  3  is 
a  small  mercurial  gasometer,  which  may  be  used  instead  of  the 
dish  and  graduated  tube  when  it  is  desired  to  take  the  specific 

fravity  of  the  gaseous  products.     The  tube,  G,  in  this  case  i» 
xed  into  the  brass  cap,  e,  by  means  of  a  cork.     When  the 
above  apparatus  is  employed,  the  lamj),  F,  is  raised  to  the  upper, 
part  of  the  tube,  G  (two  or  three  inches  of  which  at  this  part  is 
filled  with  pure  oxide  of  copper  only),  and  there  permitted  to  stay 
till  the  tube  becomes  red-hot.     When  tliis  is  the  case,  it  is 
depressed  a  little,  and  another  portion  of  the  tube  similarly 
heated,  and  so  on,  till  the  whole  of  the  dibe  has  been  heated  in 
succession,  when  the  operation  is  completed.    The  gaseous  pro^    J 
ducts  are  then  analyzed  in  the  usual  manner,  if  the  suhstanci    I 
submitted  to  the  operation  has  contained  azote ;  if  not,  ths    T 
whole  of  the  gas  (except  a  very  minute  quantity)  will  be  carbonic 
acid.    , 

The  proportion  of  hydrogen  in  a  substance  may  be  ascertained 
in  several  different  ways  by  means  of  this  apparatus.  A  mode  I 
have  commonly  practised  is  (after  filling  it  as  usual)  to  exactly 
counterpoise  the  tube,  G,  in  a  dehcate  balance,  and  when  tha 
process  is  finished  to  see  how  much  it  has  lost  in  weight  by  the 
operation.  The  quantity  of  gases  produced  by  the  same 
substance  being  previously  known,  the  quantity  of  hydrogen  may 
be  thus  readily  estimated.  Another  mode  is  to  actually  collect 
the  water  formed,  and  to  weigh  it.  This  may  be  effected  by 
having  the  tube  in  the  shape  represented  in  fig.  4.  M  tW  wiA. 
of  the  operation,  most  of  the  water  w\\V  be  ^oxini  c,!j\e.t'i!&Wci"C»«i 
part  0,  aad  to  ensure  the  collection  of  tKe  ve^t,  ■imoVn.'it  v^^  'c&'^ 
Mt&  t/r/ muriate  of  lime  may  be  attached  ioOcn;enfi>,"5  .     '^'^ 
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mode  is  that  recommended  by  Mr.  Porrett.  The  quantity  of  gases 
being  ascertai)ied  as  usual,  tne  oxide  of  copper  employed  in  the 
experiment  is?  to  be  put  into  sulphuric  acid.  The  portion  of  the 
oxide  which  has  been  reduced  is  thus  obtained  in  a  metallic 
state,  and  consequently  the  quantity  of  oxygen  which  has  been 
expended  may  be  thus  ascertained.  Of  these  methods,  the  first 
appears  the  most  simple  and  least  liable  to  error. 

The  above  apparatus  is  susceptible  of  far  greater  precision,  and 
is  much  less  troublesome  to  use  than  any  that  has  hitherto  been 
recommended  for  the  analysis  of  organized  substances.  There 
may  be  cases  in  which  its  use  is  inapplicable,  but  these  I  am 
persuaded  are  few.* 

In  conclusion  I  may  observe  that  I  have  for  several  years  been 
engaged  in  the  analysis  of  organized  products,  and  have  at 
length,  extended  my  researches  to  almost  every  distinct  and  well 
defined  substance.  The  results,  when  compared  with  one 
another,  are  most  interesting,  and  seem  to  throw  no  small  light 
not  only  on  the  nature  of  Chemical  compounds  in  general,  but 
upon  many  important  points  connected  with  animal  and  vegetable 
physiology  alud  pathology. 


Article  VII. 
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VI.  On  the  refractive  Powers  of  Muriatic  Acid  and  Water^ 
By  Mr.  Henry  Creighton. — The  author,  during  a  course  of  expe- 
riments  on  the  application  of  different  fluids  to  the  formation  of 
compound  lenses,  with  a  view  to  correct  aberration,  was  led 
from  Dr.  Blair's  observations  to  notice  particularly  the  effects  of 
muriatic  acid.  He  was  surprised  to  find  that  when  such  a  com^ 
jpound  lens  was  used,  the  focal  distances  were  proportional  to 
the  specific  gravity  of  the  muriatic  acid  employed.  The  following 
table  exhibits  the  focal  distances  with  acid  of  different  strengths* 
The  first  column  exhibits  the  specific  gravity  of  the  acid 
employed,  the  second  column  the  K)cal  distances,  and  the  third 
column  the  specific  gravity  calculated  from  the  supposition  that 
it  is  proportional  to  the  focal  distance.  The  focal  distances  of 
the  two  double  convex  lenses  were  about  24  and  27  inchest 
respectively ;  when  placed  together  in  the  frame   about   13  ^ 

*  The  aimezed  iketch  represents  the  apparatus  just  as  it  was  originally  oiui'i- 

tCructed.    Perhaps  it  might  be  improved  by  having;,  iastead  of  the  dish^  livAffe 

oblong  vessel  furnished  at  one  end  with  a  deep  well  for  equalizing  the  heighl  oC 

ihemercnry  on  bath  tides  of  the  graduated  tube,  K,  in  which  rose  the  f  eternal  tttbe^ 

i,  tu  well  BM  tkegasomeieTy  fig.  3,  Mrovld  bt  unnecewaryt 
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ihen  the  space  between  them  was  filled  with  water,  nearly  24  j 
nd  when  muriatic  acid  of  the  specific  gravity  1'177  was  inf"'  ' 
iuced,  the  focal  distance  was  28  inches. 


\                        Li„M.. 

"::;,'.;■'■ 

Si.gr.rip.1U6. 

«ifr.....f.«d^ 

^Water 

Ditto  with  a  little  acid 

1-000 
1-065 
1-087 
1-121 
1-146 
1-177 

Inthr-. 
23-75 
25-00 
25-70 
26-60 
27-00 
28-00 

1-000  J 
1-063  1 
1-088  ■'1 

I-l-^l  'fl 

Muriatic  acid 

1-180    i 

The  lenses  in  these  experiments  were  made  of  crown  gtaas. 
The  experiments  were  repeated  with  lenses  of  flint  gla.sa  and 
crown  glass  ;  bat  the  results  were  the  same.  On  trying  the 
same  experiments  with  nitric  -and  sulphuric  acid,  he  found  that 
the  specific  gravities  increased  at  a  much  greater  rate  than  the 
focal  distance.  From  this  remarkable  property  of  muriatic  acid, 
the  author  suggests  the  use  of  such  a  compound  lense  to  deter- 
mine the  specitic  gravity  of  the  acid.  h 

VII.  An  Essajfon  the  Origin  of'  A/phabelicijl  Characters.  By  J 
the  ilev.  Wilham  Turner,  Jun.  A.M. — It  has  been  pretty  gene-  | 
rally  maintained  by  literary  men  that  the  first  alphabet  was  made 
known  to  mankind  by  Divine  revelation.  Dr.  Hartley  was  of 
opinion  that  it  was  revealed  from  Mount  Sinai  when  the  ten 
commandments  were  written  by  the  finger  of  God  on  two  tables 
of  stone.  The  same  notion  was  supported  by  the  celebrated 
Gilbert  Wakefield  in  an  ingenious  paper  on  this  subject  inserted 
in  the  second  volume  of  the  Memoirs  of  the  Manchester  Society. 
Mr.  Turner's  object  in  the  present  essay  is  to  combat  this  opinion^ 
and  to  show  that  letters,  like  many  other  discoveries,  not  inferior 
in  difficulty  and  importance,  may  have  been  the  fruit  of  human 
sagacity  properly  directed.  The  essay  is  divided  into  two  parts : 
in  the  first,  he  endeavours  to  answer  the  arguments  advanced  by 
Mr.  Wakefield  in  support  of  the  Divine  origin  of  letters  ;  in  the 
■second,  he  gives  his  ideas  of  the  way  in  which  the  discovery 
may  have  been  made. 

Mr.  Wakefield's  first  argument  is,  that  the  invention  of  letttra 
differs  in  one  remarkable  particular  from  all  others ;  namely,  that 
the  first  effort  brought  it  to  perfection.  This  assertion  Mr. 
Turner  is  disposed  to  deny.  We  have  no  evidence  that  it  was 
perfected  at  once.  The  first  rude  attempts  would  be  forgotten 
in  consequence  of  the  more  perfect  ones  that  followed  them. 
Even  the  Hebrew  alphabet  seems  at  first  to  have  been  very  rude.. 
If  the  Phceuicians  borrowed  their  written  language  from  I" 
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Hebrew,  the  Hebrew  alphabet  must  have  consisted  at  first  of 
only  16  letters. 

Mr.  Wakefield's  second  argument  is,  that  if  alphabetical  writ- 
ins:  was  the  result  of  human  ingenuity,  we  might  reasonably  have 
expected  to  hear  of  the  invention  having  been  made  in  more 
places  than  one  ;  but  this  is  not  the  case.  All  the  alphabets  at 
present  in  existence  may  be  traced  either  by  external  or  internal 
evidence  to  the  same  source.  This  Mr.  Turner  admits.  All  the 
European  alphabets  (the  Russian  excepted,  who  got  it  imme- 
diately from  the  Greek)  may  be  traced. to  the  Roman.  The 
Roman  was  derived  from  the  Grecian,  and  the  Grecian  from  the 
Phoenician.  The  Coptic,  Ethiopic,  and  Arabic  alphabets  are 
referable  to  the  same  quarter.  But  that  this  fact,  though  curious 
and  remarkable,  furnishes  proof  of  the  Divine  origin  of  letters 
Mr.  Turner  denies ;  because  the  same  thing  may  be  said  of 
several  other  arts  which  yet  have  never  been  klledged  to  be  of 
Di^ne  origin.  For  example,  the  nine  digits.  All  Europe 
derived  them  from  Spain.  The  Spaniards  got  them  from  the 
Moors,  the  Moors  from  the  Arabians,  and  the  Arabians  from  the 
East  Indies — a  region  in  which  many  of  the  arts  and  sciences 
iiourished  in  a  very  remote  period  of  anriquity. 

Mr.  Wakefield's  third  argument  is,  the  uniform  failure  of  all 
those  nations  who  have  continued  for  a  ^reat  length  of  time 
unconnected  with  the  rest  of  the  world  m  their  attempts  to 
devise  any  contrivance  similar  to  the  alphabetical  characters,  or 
at  all  comparable  to  them  in  simplicity  and  convenience ;  though 
they  have  made  considerable  proficiency  in  various  other  arts 
.and  sciences.  But  Mr.  Turner  replies  that  the  failure  of  the 
Chinese  in  inventing  an  alphabet  is  no  more  surprising  than  that 
such  acute  people  and  such  mathematicians  as  the  Greeks  should 
have  failed  in  contriving  numeral  characters  comparable  to  the 
Arabic  in  simplicity  and  utiUty. 

Mr.  Wakefield's  fourth  argument  is,  that  the  transition  from 
hieroglyphics  to  letters,  which  has  been  commonly  supposed,  is 
by  no  means  an  easy  or  obvious  thing.  This  Mr.  Turner  admits, 
but  denies  that  it  is  any  argument  in  favour  of  the  Divine  origin 
of  letters.  Though  they  were  not  derived  from  hieroglyphics, 
they  may  have  been  invented  in  another  way.. 

In  the  subsequent  part  of  this  paper,  the  author  states  his 
objections  to  Mr.  Wakefield's  opimon,  and  endeavours  to  give 
an  idea  how  the  discovery  of  letters  might  have  been  made. 

His  objections  are :  1.  The  want  of  necessity  for  such  a  sup- 
position. 2.  The  total  want  of  historical  information  on  tne 
subject,  which  could  hardly  have  been  the  case  had  letters  been 
derived  from  the  immediate  revelation  of  God.  Dr.  Hartley's 
notion  that  they  were  first  communicated  by  God  in  the  ten 
con^mandments  cannot  be  true,  because  writing  is  spoken  of 
before  the  delivery  of  these  commandments  (Exodus,  xvii.  14), 
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and  because  tlie  ten  coniinaiKlments  do  uot,  contain  all  thelttlera . 
ia  the  liebrew  aijjhabet. 

Our  uutbor  supposes  tbat  when  men  set  about  devising - 
metbods  of  coiniaiiung  language  to  wtiting,  two  uiodes  would, 
suggest  thetu^elves  :  I.  To  augoest  to  tLe  eye  by  visible  sign«; 
the  idea*  exj»resaed  by  spoken  language.  Tins  would  introduce. 
bitTOglyphics,  from  which  the  charautera  of  the  Chinese  wuulf) 
be  oatumlly  derived.  2.  To  devise  a  system  of  visible  sigos 
CO rree ponding  to  the  words  used  in  spoken  language.  These 
marks  would  be  gradually  systematized;  similar  sounds  would 
be  dt^noted  by  similar  mark)^.  When  these  marks  uiultiphed,  the 
idea  uf  ascertaining  tbe  number  of  sounds  in  the  language,  and 
^p^lyjng  a  ruaik  fur  each,  would  naturally  suggest  itseifj  and  the  ■ 
transition  from  this  to  letters  was  comparatively  ea:iy. 

Vlll.  OOset-vai iuiis  tin  the  iiiae  and  I'rogrens  (ij  the  ^otHM. 
Tjade  in  Gieat  Biilaiii,  paiiicului-ty  iu  Laiivas/iiie  mid  the  , 
a<ijoiiiiiig  Coiiiiliea.  By  John  Kennedy,  Esq. — This  iuterea(iflg 
paper  contains  no  information  about  tbe  introduction  of  this 
cotcontrade  hito  Lancashire.  We  know  from  acts  of  parliament 
that  it  existed  there  during  the  reign  of  Queen  Anne,  thougU 
probably  to  a  very  hniited  extent.  From  a  note  added  to  the 
paper,  we  learn  that  Mr.  John  Wyatt,  of  Birminghaui,  invented 
ft  spinning  machine  in  the  year  1733,  in  a  small  building  neaf 
£uUon  Culdbeld..  He  afierwurdti  joined  with  Lewis  Paul;  bu( 
the  project  turned  out  unfortunately.  Paul  contrived  to  get  a, 
patent  taken  out  in  bis  own  name  in  173S  fur  some  additional 
apparatus.  In  1741  a  mill  turned  by  two  asses  walking  round  an 
axis  was  erected  in  Birmingham,  and  lU  girls  were  euiployed  in  . 
attending  the  work.  But  this  establishment  was  unsuccessful,  • 
and  the  machinery  was  sold  in  1 743.  A  work  on  a  larger  scal^ 
.on  a  stream  of  water  was  establiiihed  at  Northampton  under  tlw 
direction  of  Mr.  Yeoman,  but  at  tbe  expense  of  Mr.  Cave.  U 
contained  25U  spindles,  and  employed  M  pair  of  hands.  Bui 
this  new  estabUsbment  was  also  unsuccessful ;  and  as  no  model 
of  Mr.  Wyatt's  machine  remains,  its  nature  and  principles  are  a( 
present  unknown, 

The  operation  of  weaving  stil!  remains  nearly  the  same  as  U 
did  a  century  ago,  with  the  exception  of  the  iiy  sbuttlp,  which 
was  invented  in  1750  by  Mr.  John  Kay,  of  Bury.  At  that  tiiu* 
the  cotton  was  carded  and  spun  in  the  -weaver's  family,  and  the 
luanufuctory  was  carried  on  to  an  extent  sufficient  to  supply  « 
limited  home  consumption.  The  occasional  fluctuations  m  the 
demand  from  bad  seasons,  scarcity  of  food,  &.c.  led  the  manu^ 
facturer  to  endeavour  to  find  a  market  for  his  goods  in  otha 
countries.  This  gave  rise  to  the  foreign  trade  with  all  its  advan- 
tages and  disadvantages.  The  demand  increased  beyond  the 
abihty  of  the  manufacturer  to  supply.  This  occasioned  an 
incessant  demand  for  new  hands,  and  led  to  the  contrivance  of 
^ery  expedient  to  make  the  work  done  by  their  la.liovu.c^&  ^ 


^ 


196  Analyses  of  Boohs.  [March, 

?reat  as  possible,  A  division  of  the  labour  was  first  thought  of* 
Qstead  of  carding,  and  spinning,  and  weaving,  iu  the  same' 
house,  one  family's  sole  employment  became  carding,  another's 
spinning,  and  that  of  a  third  weaving.  The  attention  of  each 
being  thus  occupied  by  fewer  objects,  he  was  able  to  perform  a 
greater  quantity  of  work  than  before.  Gradual  improvements  in 
tne  mode  of  carding  and  spinning  occasionally  suggested  them- 
velves  till  at  last  they  arrived  at  a  machine,  which,  though  rude 
and  ill  constructed,  enabled  them  to  produce  more  in  their 
respective  families.  By  degrees,  the  cottages  became  filled  with 
their  little  improvements  till  they  n'ere  in  some  measure  forced 
out  of  their  awellings  by  the  multiplication  of  their  implements. 

Thus  carding  and  spinning  became  two  distinct  professions. 
First,  a  boy  or  a  girl  was  enabled  by  means  of  two  pair  of  stock- 
cards  to  do  more  work  than  before.  A  cylinder  revolving  on  its 
axis  was  next  introduced,  and  carding  was  performed  by  holding 
four  or  five  pairs  ol  stock-cards  against  it.  This  was  the  rude 
beginning  of  the  carding  machine,  and  in  this  state  it  existed 
about  GO  years  ago.  This,  about  10  years  after,  was  followed  by 
another  machine,  called  the  spinning  Jenny,  invented  in  1767 
by  Mr.  Hargreaves,  of  Blackburn,  by  means  of  which  a  young 
person  could  work  10  or  20  spindles  at  once. 

This  machine  was  at  first  turned  by  the  hand  ;  but  horses 
were  soon  substituted  for  human  labourers  ;  and  when  the  size 
of  the  machines  came  to  be  such  as  to  render  the  apphcatiou  of     , 
horses  expensive  and  troublesome,  falls  of  water  were  sought  out  g 
and  resorted  to.  I 

It  was  at  this  time  that  the  admirable  inventions  of  Mr.  Ark-  ■ 
wright  were  introduced  into  the  cotton  trade.  The  comforts  and 
independence  of  the  workmen  had  gradually  improved,  and  with 
them  the  nature  of  their  mechanical  inventions.  They  were 
enabled  to  employ  smiths,  carpenters,  and  millwrights  to  realize 
their  ideas,  and  by  their  superior  skdl  they  were  enabled  to  make 
their  machinery  much  better  suited  to  the  objects  intended  than 
their  own  original  and  imperfect  fabrics.  The  inventions  of 
Arkwright  were  of  a  higher  kind  ;  and  to  realize  them,  the 
assistance  of  a  still  higher  class  of  mechanics,  watch  and  clock- 
makers,  whitesmiths,  and  mathematical  instrument  makers,  were 
called  in  and  employed,  Mr.  Arkwright's  first  mill  was  biiilt  at 
Ci-omford  in  1771,  and  for  a  period  of  10  or  16  years  after,  alt 
the  principal  works  were  erected  on  the  falls  of  consideraUe 
rivers,  no  other  power  but  water  having  been  then  found  to  be 
practically  useful.  It  was  not  till  about  the  year  1790  that  Mr. 
Watt's  steam-engine  began  to  be  understood,  and  introduced  in 
the  neighbourhood  of  Manchester.  In  consequence  of  the 
introduction  of  this  admirable  machine,  water-falls  became  of 
Jess  value,  and  instead  of  carrying  the  people  to  the  power,  it 
was  found  preferable  to  place  tne  power  among  the  people 
wherever  it  was  most  wanted.     This  led  those  who  were  inter- 
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<ested  ia  the  trade  to  make  many  and  great  improvements  in 
their  machines  and  apparatus  for  bleaching,  dyeing,  and  print- 
ing, as  well  as  for  spinning.  Had  it  not  been  for  tliis  new 
accession  of  power  and  scientific  mechanism,  the  cotton  trade 
would  have  been  stunted  in  its  growth,  and,  compared  with  its 
present  state,  must  have  become  an  object  only  of  minor  import- 
ance in  a  national  point  of  view.  Ihe  efiects  of  this  engine 
have  been  nearlv  the  same  in  the  iron,  woollen,  and  flax  trades. 
In  the  year  1780  a  new  and  valuable  machine  appeai'ed,  called 
at  that  time  the  liuU-in-tke-woud  mae/iiiie,  from  the  name  of  the 

g'ace  where  the  inventor,  Mr.  Samuel  Crompton,  hved,  near 
olton,  in  Lancashire.  It  is  now  called  the  mule,  from  ita 
uniting  the  principles  of  Mr.  Hargreave's  jenny,  and  Mr.  Ark- 
wright's  water  frame.  This  machine,  by  producing  at  a  small, 
expense,  much  finer  and  softer  yarn  than  any  that  bad  been  seea 
,  before,  gave  birth  to  a  new  and  moat  extensive  trade.  Before 
the  year  1790  the  mules  were  turned  by  hand,  and  were  con- 
fined chiefly  to  the  garrets  of  cottages.  About  that  time 
■  Mr,  Kelley,  of  Lanark,  first  turned  them  by  machinery.  The 
application  of  the  steam-engine  to  this  purpose  produced 
another  great  clmnge  in  this  Lranch  of  the  ti'ade.  The  mulea 
were  removed  from  cottages  to  factories,  were  constructed  more 
substantially  and  upon  better  principles,  and  produced  yam  pf  a 
more  uniform  quality  and  at  less  expense. 

In  17y7  a  new  machine  for  cleaning  cotton  was  constmcted 
by  Mr.  Snodgiass,  and  first  used  at  Johnston,  near  Paisley,  by 
Messrs.  Houston  and  Co.  This  was  called  a  scutching  or 
blowing  machine.  It  was  first  brought  to  a  state  of  perfection 
by  Mr.  Dinilop,  of  Glasgow.  It  was  not  introduced  into  the- 
neighbourhood  of  Manchester  till  180t>.  It  is  now  generally 
employed,  and  is  said  to  have  been  greatly  improved  by  Mr. 
Arliwright  and  Messrs.  Strutts. 

What  are  called  power  looms  were  first  constructed  by  Dr. 
Cartwright,  at  Doncaster,  in  1774,  But  though  I  hey  made  good 
cloth,  in  consequence  of  the  great  loss  of  time  in  dressing  the 
warp,  they  pos^edsed  no  impoitant  advantage  over  common 
looms.  In  \H03  Mr.  Thomas  Johnson,  of  Bradbury,  Cheshire, 
invented  a  beautiful  and  excellent  machine  for  warping  and 
dressing  warps  preparatory  to  weaving,  by  which  the  operation 
is  performed  much  better  and  cheaper  than  it  can  possibly  be 
done  by  hand.  This  is  a  great  advantage  to  the  power  loora^ 
and  in  consequence  some  large  manufactories  of  the  kind  have 
been  estabhshed  first  in  Scotland,  and  afterwards  in  England. 
JBut  as  one  per;tun  cannot  attend  upon  more  than  two  power 
looms,  it  is  still  a  doubtful  question  whether  this  saving  of 
iaboiiT  counterbalances  the  expense  of  power  and  machinery,  an^ 
the  disadvantage  of  being  obliged  to  keep  an  establishment  of 
power  luoins  constantly  at  work  ;  while  in  the  common  way  the 
jpcuuoii^t  be  stopped  or  lurned  to  a  dilii^reat  kiadQt!>M<^'^\'%a^ 
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if  the  demand  for  the  particular  kind  of  goods  they  were  weaving 
•hould  change  or  fall  off. 

Such  is  a  sketch  of  the  historical  facts  contained  in  this  inte- 
resting paper.  1  regret  that  I  cannot  touch  upon  the  observa- 
tions which  it  contains  respecting  the  alterations  in  the  morals, 

*  the  habits,  and  the  feehngs  of  the  common  workmen  produced 
'by,  or  accompanying  these,  improvements.    They  deserve  the 

{articular  attention  of  statesmen  and  political  economists. 
Tnless  means  can  be  fallen  upon  to  prevent  that  degeneracy 
which  has  hitherto  been  the  lot  of  all  the  manufacturing  popu- 
lation in  every  country,  it  is  obvious  that  all  manufacturing 
countries  must  sooner  or  later  work  their  own  destruction.     The 

•  following  is  the  quantity  of  raw  cotton  consumed  or  converted 
into  yarn  in  Great  Britain  and  Ireland  during  1817  : 

Total  imported 110,000,000  lbs. 

Loss  in  spinning  (I4.  oz.  per  lb.) 10,312,600  lbs. 

Yarn  produced , yy,()87,600  lbs. 

Number  of  hanks  (at  40  per  lb.) 3,987,500,000 

Number  of  spindles  employed  (each  producing 

two  hanks  per  day,  and  300  working  days  in 

the  year) 6,645,833 

Number  of  persons  employed  (supposing  each 

to  produce  120  hanks  per  day) 110,763 

Number  of  horses  power  employed  (supposing 

4^  oz.  coal  to  produce  one  hank  of  the  40 

and  180 lbs.  coal  per  day  =  one  horse  power)  20,768 

IX.  Memoi/s  on  a  new  System  of  Cog  and  Toothed  Wheels. 
By  Mr.  James  White,  Engineer. — Mathematicians  have  demon- 
strated that  the  form  of  the  teeth  of  wheels,  in  order  to  move 
equably  and  without  friction,  should  be  regulated  by  the  curve 
called  the  epicycloid.     But  this  holds  only  when  the  pins  of  thfe 
pinions  which  they  put  in  motion  are  indefinitely  small,  which 
never  can  hold  in  practice.    This  circumstance  has  prevented 
•workmen  from  attempting  to  make  the  figure  of  the  teeth  of 
•their  wheels  correspond  with  the  theoretical  figure.     The  object 
of  the  present  paper  is  to  make  known  a  method  of  cutting  thfc 
teeth  of  wheels  so  as  that  they  shall  give  smooth  and  equable 
♦motion,  and  as  little  friction  as  possible.     For  this  method,  a 
^tent  was  taken  out  some  years  ago  by  the  author  of  the  paper. 
'    X.  On  the  Flexibility  of  all  Mineral  Substances,  and  the  Cause 
iff  Creeps  and  Seats  in  old  Coal  Mines.    By  Mr.  John  B.  Long- 
'itnire. — The  author  has  observed  a  veiy  great  flexibility  in  sand- 
jltone  and  slate  clay  in  excavated  coal  mines.     He  has  likevvise 
lieeii  certain  varieties  of  limestone  and  clay-slate  bend  consid^- 
MIy  when  in  the  act  of  being  separated  into  small  parts  by 
liiwgeB  and  otfaer  tools.    From  these  fects,  he  infers  diet  m 
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kinds  of  mineral  matter,  however  hard  and  brittle  they  appear  to. 
be  in  hand  specimens,  will  bend  less  or  more  when  formed  into 
large  flat  pieces.  He  explains  what  are  called  creeps  in  old  coal 
mines.  This  name  is  given  to  the  slow  subsidence  of  roofs  of 
old  coal  mines.  When  the  roof  sinks  rapidly,  the  process  is' 
called  a  set  or  seal  by  the  colliers. 

XI.  Account  of  the  Black  Lead  Mine  in  Borrowdale,  Cumber- 
land. By  Mr.  Jonathan  Otiey. — This  mine,  acuording  to  Mr«^ 
Otley,  lies  in  a  greywacke  mountain  near  the  head  of  trie  valle]^| 
of  Borrowdale,  which  faces  the  south-east.  The  black  lead  does, 
not  constitute  a  vein,  but  occurs  in  bellies.  Veins  of  iron,  ore 
traverse  the  mountain,  exhibiting  traces  of  black  lead,  and  it  is. 
where  these  veins  cross  each  other  that  the  belliea  usually  nccuf,^ 

When  the  mine  was  discovered  is  not  known ;  but  from  & 
grant  made  in  the  beginning  of  the  17th  century,  it  appears  to ' 
have  been  discovered  before  that  time  The  manor  of  Borrow- 
dale is  said  to  have  belonged  to  the  Abbey  of  Furness,  and 
having,  at  the  dissolution  of  that  monastery!  in  the  reign  of 
Henry  VIII.  fallen  to  the  crown,  it  was  by  James  I.  granted  to 
William  Whitmore  and  Jonas  Verdon,  including  among  other 
things,  the  Wadholes  and  Wad,  commonlu  called  Black  Caioke,  of 
the  yearly  Rent  or  Value  of  Fifteen  Shillings  and  t'oitrpence.  The 
said  WiiUam  Whitmore  and  Jonas  Verdon,  by  a  deed  bearia^ 
date  Nov.  28,  1614,  sold  unto  Sir  Wilfred  Lawson  of  Isel,  andj 
several  inhabitants  of  Borrowdale,  all  the  said  manor  of  Borrow- ' 
dale,  with  the  appurtenances  of  what  nature  or  kind  soever  j 
"  except  the  wadnoles  and  wad,  commonly  called  black  cawke^, 
within  the  conimona  of  SeatoLlor,  or  elsewhere,  within  the  ■ 
commons  and  wastes  of  the  said  manor."  In  consequence  of  this 
reservation,  the  black  lead  mine  is  held  distinct  from  otlier 
royalties  of  the  manor ;  one  half  thereof  belonging  to  Henry 
Banks,  Esq.  M.P.  and  the  other  half  subdivided  into  severu, 
shares,  one  of  which  belongs  to  Sir  Joseph  Banks, 

The  mine  used  formerly  to  be  wrought  at  irregular  intervals;,^   I 
and  when  the  market  was  supphed,  the  working  was  stopped  tlUv    ' 
fresh  demand  called  for  a  new  supply  of  black  lead.     But  oflate' 
years  the  demand  has  increased  so  much  that  it  has  been  neoes- , 
sary.to  work  the  mine  without  intermission.     In  the  year  179Si 
an  adit  was  begun  on  the  aide  of  the  hill,  which  at  the  length  of) 
220  yards  communicated  with  the  bottom  of  the  old  workings. 
Through  this  level  the  water  passes  oif,  and  the  produce  is 
brought  out  to  be  dressed :  and  on  its  mouth  a  house  is  built 
where  the  overseer  dwells,  and  the  workmen  are  undressed  and 
examined  as  they  pass  to  and  from  work.     From  a  belly  opened 
,  IB  18U3,  5U0  casks  of  black  lead  of  the  best  quality  were  pro-' 
cnred,  weighing  about  one  hundred  weight  and  a  quarter  each^ 
besides  a  greater  quantity  of  an  inferior  sort.     Since  that  time^    | 
two  of  these  bellies  have  been  met  with,  which  have  producedT'l 
.ab^ut  100  casks  each.     The  whole  is  sent  to  London,  where  ^  J 
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is  exposed  to  sale  in  the  Company's  warehouse  on  the  first 
Monday  of  every  month. 

The  great  consumption  is  in  the  manufactory  of  black  lead - 
pencils.     Many  of  these  are  made  at  Keswick ;  but  the  makers 
are  obliged  to  bring  all  the  black  lead  from  London.     Great 
improvements  have  been  introduced  into  the  manufactory  of 
these  pencils.     A  method  of  hardening  the  black  lead  has  been 
discovered.    This,  according  to  Mr.  Otley,  consists  in  reducinff^ 
the  black  lead  into  slices  about  -JLth  of  an  inch  in  thickness,  and 
then  keeping  it  for  som6  time  in  melted  sulphur. 

XII.  Account  of  a  White  Solar  Rainbow.  By  the  Rev.  R. 
Sm'ethurst. — This  rainbow  was  observed  on  Nov.  28,  1816, 
about  two,  p.  m.  There  was  a  considerable  fog  on  the  surface- 
of  the  earth,  which  was  clearing  away  in  the  higher  regions  of 
the  atmosphere.  There  were  no  visible  drops  of  rain.  The  sun 
was  visible  through  the  fog ;  but  its  rays  were  not  sufficiently 
powerful  to  occasion  shadows  of  objects.  The  whole  rainbow 
was  very  well  defined,  except  a  small  portion  at  the  centre.  The 
distance  seemed  100  yards,  and  the  span  of  the  arch  about  120 
yards.  Its  breadth  was  about  twice  that  of  an  ordinary  rainbow; 
Its  colour  grey ;  near  the  ground  the  colour  was  brighter  than 
towards  the  centre.  In  each  leg,  about  an  equal  distance  from^ 
each  edge,  was  a  streak  of  white,  reaching  apparently  to  thfr 
height  of  16  or  18  yards,  of  peculiar  brightness. 

All  I.  Remarks  {chiefy  agricultural)  made  during  a  short 
Excursion  in  Westmoreland  and  Cumberland^  in  August,  1815^ 
By  John  Moore,  Jun.  Esq. — This  is  a  very  amusing  and  interest- 
ing account  of  the  objects  which  struck  the  attention  of  the 
author  during  an  excursion  to  the  lakes.  It  will  repay  the 
perusal  of  the  agricultural  reader.  But  from  the  nature  of  the 
<letails,  they  are  scarcely  susceptible  of  abridgment.  From 
Bolton  to  Blackburn  the  soil  seems  to  be  poor,  and  the  farming 
bad.  The  author  thinks  that  too  much  of  the  soil  has  been 
ploughed  up,  and  informs  us  that  it  is  difficult  to  recover  the 
grass  after  it  has  been  once  destroyed.  He  considers  the  planting 
of  whole  potatoes  a  bad  practice  ;  and  thinks  that  in  30  years 
the  growth  of  the  oak  overtakes  that  of  the  larch.  Hence,  in 
his  opinion,  oak  is  a  more  profitable  tree  for  planting  than  larch ► 
He  was  surprised  to  observe  promising  crops  of  oats  and  barley 

f  rowing  upon  Latrig,  at  a  height,  accordmg  to  Mr.  Otley,  of 
100  feet  above  the  level  of  the  sea ;  but  he  doubts  how  for  the 
spirited  experiment  will  remunerate  the  farmer.  He  recommends 
bringing  the  seed  com  rather  from  a  colder  than  a  warmer 
climate ;  because  it  ripens  much  sooner.  The  wheat  straw  near 
Lancaster  was  of  the  same  beautiful  colour  as  on  the  chalk  land» 
of  Bedfordshire.  But  it  does  not  appear  that  this  straw  is  put  ta 
the  same  iise  as  at  Dunstable,  where  it  is  not  unusual  for  a  crop 
cf  wheat  straw  to  sell  for  more  than  the  grain. 

XIV.  A  Tribute  to  die  Memory  of  t/ie  late  President  of 
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Lif.er6ry  and  Philosophical  Society  of  Manchester.  By  William 
Henry,  M.D,  F.R.S.&c, — This  paper  has  been  already  published 
in  the  Annals  of  Philosophy,  vol.  xiv.  p.  161, 

XV.  Ati  Essay  qh  the  Sigiis  of  Ideas,  or  the  Means  of  convey- 
ing to  others  a  Knowledge  of  our  Ideas.  By  Edward  Carbutt, 
A1.D.  Physician  to  the  Manchester  Infirmary,  &c.  &.c. — By  idea 
the  aulhor  of  this  paper  means  the  remembrance  of  a  sensation. 
He  is  of  opinion  that  the  sensations  of  the  eye  and  ear  may  be 
remembered,  but  ia  doubtful  whether  this  be  the  case  with  those 
of  the  nose,  the  mouth,  or  the  feeling.  A  remembered  sensatioa 
or  idea  is  always  fainter  than  the  seniiation  itself,  except  in  cases 
of  insanity. 

Words  are  usually  considered  as  the  signs  of  ideas.  But  our 
author  is  of  opinion  that  we  very  seldom  succeed  in  conveying 
our  own  ideas  into  the  minds  of  our  hearers  or  .readers.  It  i» 
impossible  for  us  to  have  a  name  proper  for  each  individual  idc& 
or  set  of  ideas.  On  this  account,  names  have  beengeneraUzed^ 
and  when  the  appellations  tree,  horse,  man,  had  been  given  to 
one  individual  of  each  of  these  kinds,  they  naturally  enough 
came  to  signify  any  individual  of  that  kind.  Hence  the  original 
of  general  terms,  which,  by  a  strange  perversion,  have  been 
stated  to  stand  for  general  ideas ;  whereas  a  general  idea  can- 
not possibly  have  any  existence ;  all  ideas  are  and  must  be 
particular. 

The  author  conceives  that  there  are  four  sets  of  words  whiih 
in  no  wise  represent  ideas. 

1.  Words  which,  from  the  nature  of  things,  are  altogether 
devoid  of  archetypes.  Thus  the  mathematical  terms  jioint  hihI 
line,  our  author  thinks  cannot  possibly  convey  an  idea  to  the 
mind.  This  mode  of  speaking  depends  upon  our  author's  dpfi- 
nition  of  idea,  which  rpstricts  its  meaning  more  than  is  usual  iu 
the  English  langua";e,  A  point,  in  the  mathematical  sense  of 
the  word,  is  the  place  where  one  line  terminates  and  another 
begins.  Of  this  I  have  an  accurate  notion.  But  whether  it  be 
the  remembrance  of  a  sensation  will  admit  of  some  dispute. 
The  same  remark  apphes  to  the  mathematical  word  line,  which 
means  the  place  where  one  surface  terminates  and  another 
begins. 

2,  Words  standing  not  for  ideas;  hut  either  for  simple  and 
original  sensations  as  are  never  ideally  renewed,  or  for  sensa- 
tions of  emotion,  which  are  never  called  up,  except  by  the 
original  cause,  and  cannot,  therefore,  iu  any  case  be  called  ideas. 
When  we  reason  concerning  such  sensations,  we  merely  euiploj 
the  words,  which  are  the  names  of  the  original  sensations  ;  and 
from  these  words  the  author  thinks  that  we  can  reason  just  as 
correctly  as  from  real  ideas.  I  must  acknowledge  that  I  do  not 
Bee  the  fiiir  force  of  this  distinction.  It  appears  to  me  to  be 
rather  fanciful  than  real.  Any  person  who  has  been  accustomed 
tA  smell  a  rase  will  immediately  recognise  the  sauie  smi^llL  vt^i^a. 
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H  bolUe  of  ofto  of  rosea  is  held  to  his  nose.     How  could  this  b« 
the  case  if  he  did  not  remember  the  smell  of  a  rose  ;  tliot  is, 
he  had  not  an  idea  of  the  siuell  of  a  rose,  actiording  to  our. 
author's  definition  of  idea.     In  the  same  way  we  can  remember^ 
(astes  and  feelings,  and  even  particular  kinds   of  painful 
pdeaeant  feelings,  and  recognise  them  again  whenever  they 
This  shows  clearly  that  our  author's  distinction  is  fanciful, 

3.  Words  standing  for  causes  whose  effects  alone  we  witness, 
and  thence  judge  the  existence  of  the  cause,  without  being  able 
to  form  any  conception  of  it.  The  terms  /leal  and  cu/il,  when 
used  for  material  ai^ents,  our  author  considers  as  of  this  kind.. 
I  do  not  perceive  the  accuracy  of  this  opinion  any  more  than  of 
die  preceding.  1  have  just  as  good  a  notion  of  neat  as  a  cause 
as  i  have  of  any  other  cause  whatever.  With  respect  to  the. 
Supreme  Being,  it  is  true  that  we  can  fomi  no  precise  notion  o&' 
his  shape  or  size  ;  but  we  can  foim  pretty  exa*  t  ones  of  his  poweid 
his  wisdom,  his  goodness,  &c.  ^ 

4.  Words  which  at  present  have  no  ideas  attached  to  thenar 
^though  the  contrary  might  have  been  the  case  when  they  were 
originally  brought  into  use.  In  consequence  of  the  existence  o£ 
aach  words,  our  author  thinks  that  a  man  cannot  understand 
English  without  the  knowledge  of  all  the  languages  from  whidi 
it  is  derived.  Now  I  must  acknowledge  that  (laying  unmeaning 
oaths  aside,  which  are  now  banished  polite  conversation)  I  da 
not  believe  that  any  such  words  occur  in  the  English  language. 
Our  author  gives  blasphemy,  as  an  example,  and  heresi/  a»- 
another.  Now  the  meaning  of  the  word  blasphemy  in  the  New 
Testament  is  an  attempt  to  lower  tlie  chai'acter  of  God,  knowing 
the  allegation  to  be  false.  Now  this  is  the  meaning  which  rit 
bears  also  in  the  English  language.  Heresy  now  signifies  n ''''"' 
gious  opinions  contrary  to  those  estabhshed  by  taw.  It 
hkewise  the  term  which  a  man  (supposing  no  religion  establish 
by  law)  would  apply  to  every  set  of  religious  doctrines  contrair 
to  his  own.  In  this  way  might  every  English  word  be  defined^ 
and  a  mere  Englishman,  if  he  were  to  make  himself  acquainted 
with  these  definitions,  would  understand  his  own  lauguagft 
better  than  the  most  learned  etymologist  in  the  universe.  Would 
an  Englishnnin  understand  the  meaning  of  the  word  phasician 
any  better  by  being  told  that  it  was  derived  from  a  Greek  word 
wkich  signifies  a  natitraUsi "! 

XVI.  jiccoimt  of  some  remarkable  Facts  observed  in  the  Dt 
dvtiou  of'  Metals,  parlicuiar/^  Silver  and  Cupper.  By  Sam 
Loca-f ,  Esq. — Accoi-ding  to  Filr.  Lucas,  when  silver  or  copper  j 
kept  mehed  in  contact  with  the  air,  the  metal  absofba  a  portiQ|( 
t>r  osygen,  which  it  retains  while  in  fusion ;  but  on  the  me0 
becoming  sohd,  the  gas  is  extricated  with  considerable  rapiditp 
uid  occasions  an  explosion  if  the  extrication  takes  place  B| 
pouring  the  melted  metal  into  water.  The  gas  extricated  fr<n, 
eilver  m  this  way  was  examined  by  IVL:.  Daltiui,  and  found  4 
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contain  87  per  cent,  of  oxygen  gas.  The  impurity  was  probnbiy 
owing  to  an  accidental  mixture  of  atmospheric  air.  Thougn 
it  is  difficult  at  present  to  give  any  explanation  of  this  singular 
phenomenon,  is  it  not  possible  that  it  may  be  somehow  con- 
nected with  the  extrication  of  osygen  gas  when  silver  is  placed 
in  contact  with  deiitoxide  of  hydrogen '( 

When  the  silver  or  copper  is  covered  mtli  charcoal,  and  theu 
thrown  in  fusion  into  water, no  gas  is  extricated  from  it. 

XVU.  Ohstnaliom  on  the  Callous  Tumour.  By  Mr.  Kinder 
"Wood. — This  is  %  name  given  to  a  turn,  ur  which  surrounds  the 
fractured  part  of  a  bone,  when  it  is  uniting  together,  and  which 
continues  till  the  adhesion  is  complete,  or  till  a  perfectly  bony 
cement  has  perfectly  united  the  two  fractured  portions  of  bone. 
Mr,  Wood's  observations  were  deduced  from  fractures  made  oa 
the  limbs  of  young  rabbits.  These  were  allowed  to  remain  with- 
out any  attempt  to  replace  the  bones,  and  the  progress  was 
ascertamed  by  dissection  at  various  distances  of  time  after  tJia 
fracture. 

The  fracture  occa.'^ions  a  loss  of  vital  energy,  and  about  13 
houra  elapse  before  any  visible  attempt  at  repaiiing  the  injury 
commences.  The  ends  of  the  fractured  bones  are  at  first  rougtj^ 
which  occasions  them  to  injure  the  muscles  in  their  neighbour- 
hood. The  tirst  change  that  takes  place  is  the  effusion  of  a 
quantity  of  coagulable  lymph  from  the  internal  membrane  of  the 
bone.  By  this,  the  fractured  faces  are  covered,  and  made  beau* 
tifully  smooth.  This  lymph  adheres  firmly  to  the  inteniat 
periosteum,  and  obviously  proceeds  from  it. 

Abont  36  hours  after  the  fraetore  most  of  the  extravasated 
blood  is  absorbed.  The  external  membrane  of  the  bone  becom«» 
thickened  and  vascular,  a  quantity  of  coagulable  lymph  exudes 
fi-om  this  membrane  and  from  the  muscles,  and  surroimds  and 
envelopes  the  ends  of  the  fractured  bone.  It  is  this  exudatioa 
which  constitutes  the  callous  tumour.  It  becomes  gradually 
firmer  and  firmer,  the  external  periosteum  of  the  bone  below  it 
is  destroyed  and  removed,  and  a  new  periosteum  formed  whit^ 
encloses  the  callous  tumour,  and  fixes  it  firmly  to  the  bone. 
The  earthy  salts  are  slowly  deposited  in  this  tumour,  and  in 
proportion  as  the  bone  acquires  strength,  the  tumour  is  dimi- 
oished  ;  but  a  long  lime  elapses  before  it  disappears. 

When  the  external  periosteum  of  the  bone  is  destroyed,  n& , 
callous  tumour  is  formed,  the  ends  of  the  bone  lose  their 
ritahty,  and  must  be  removed  before  the  fracture  can  be  healed. 
When  the  internal  periosteum  is  injured  or  destroyed  while  the 
outer  remains,  the  callous  is  fonued  as  usual ;  but  the  bones  do 
not  unite,  because  their  asperitiea  are  not  removed  by  the  usual 
deposition  of  coagulable  lymph.  The  consequence  is,  that  the 
callous  giiidualiy  assumes  the  form  of  a  capsular  hgament,  the 
inner  periosteum  gives  out  a  glairy  fluid  restimbUng  synovia,  an# 
"a  artificiftl  joint  is  formed. 
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XVIII.  On  the  Possibility  of  reconciling  the  scriptvral  and 
profane  Accounts  of  the  Assyrian  Monarchy.     By  the  Rev.  John 
Kenrick,  A.Itf. — From  the  Old  Testament,  it  appears  that  the 
monarchies  which  existed  in  that  part  of  Asia,  which  was  after* 
wards  the  seat  of  the  Assyrian  monarchy,  were  originally  very 
small ;  for  a  king  of  Shinar,  confederated  with  a  king  of  Elam 
and  two  c»ihers,  came  and  attjicked  some  petty  sovereigns  of 
Palestine ;  and  Abraham,  arming  his  own  household,  was  able 
to  defeat  the  invaders.     David  had  a  war  with  the  King  of 
Tobah,  which  was  at  so  short  a  distance  from  Nineveh,  that  had 
that  city  been  the  seat  of  a  great  monarchy,  Tobah  could  not 
possibly  have  been  independent,  nor  could  David  have  attacked 
it  without  coming  into  hostilities  with  the  sovereign  of  Nineveh^ 
The  first  mention  of  conquering  monarchs  at  Sineveh  in  the 
Jewish  annals  is  in  the  reign  of  Pul,  771  years  before  the  Chris* 
tian  era,  by  whom  and  his  successors,  Syria  and  Palestine  were 
invaded,  and  the  two  branches  of  the  Jewish  people  reduced  ^o 
dependence  and  captivity  (2  Kings,  xv.  19).     Such  is  the  anti-  ^ 
auity  and  uninterrupted  series  of  the  Jewish  annals,  and  such 
tne  position  of  the  Jewish  nation  relatively  to  a  power  on  the 
banks  of  the  Tigris,  extending  it^  dominion  westward,  that  we 
may  safely  say  that  had  any  such  power  existed  previously  to  the 
eighth  century  before  Christ,  it  must  have  come  into  collisioa 
with  the  Jewish   nation,  and  that   coUision  would  have  been 
recorded  in  Jewish  history. 

From  Herodotus  (whose  Assyrian,  history  is  lost)  we  le.im 
little  more  than  that  the  Assyrians  had  been  masters  of  Upper 
Asia  (Asia  beyond  the  Halys)  520  years,  when  the  Medes  shook 
off  the  yoke;  which  (reckoning  backwards  from  710  years 
before  Christ)  brings  us  to  1230  years  before  Christ.  But  this, 
account,  though  improbable,  is  not  inconsistent  with  the  scrip- 
tural history ;  since  the  Assyrians  might  be  masters  of  Upper 
Asia  without  holding  the  sea  coast. 

It  is  from  Diodorus  Siculus  that  the  usual  account  of  the  early 
Assyrian  monarchs  is  obtained.  Ctesias  is  his  authority.  He 
was  a  Greek,  and  posterior  to  Herodotus,  and  even  by  many  of 
the  ancients  his  history  is  looked  upon  as  fabulous.  According 
to  him,  Ninus,  a  prince  of  boundless  ambition,  engaged  the 
Arabians  under  his  standard,  subdued  Babylonia,  Armenia,  and 
Media,  and  proceeded  thence  to  remoter  countries  of  Asia^ 
which  he  reduced,  with  the  exception  of  Bactria  and  India* 
Thence,  turning  his  arms  towards  the  west,  he  overran  all  the 
countries  from  the  Euphrates  to  the  Mediterranean,  and  from 
the  banks  of  the  Tanais  to  the  cataracts  of  the  Nile.  After 
these  exploits,  he  builds  Nineveh,  which  he  names  from  him- 
self. He  then  returned  to  his  former  unsuccessful  attempt  on 
Bactria,  and  deprived  Menon,  the  chief  officer  of  his  army,  of 
•lis  wife,  Semiramis,  making  her  his  own  queen.  Semiramis 
Succeeded  Ninus.     She  founded  Babylon,  and  spent  the  rest  of 
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her  days  in  warlike  expeditions  and  public  works.  After 
unsuccessful  expedition  into  India,  she  died  miraculously,  leav- 
ing the  kingdom  to  her  son  Ninyas,  who  began  a  course  of  effe- 
minate sloth  and  luxury,  which  his  successors  followed  for  30 
generations,  without  leaving  a  single  fact  for  history,  till  the 
time  of  Sardanapalus,  whose  vices  roused  the  indignation  of 
Belesya,  the  Babylonian,  and  Arbaces,  the  Mede.  Tiiey  rebelled, 
tesieged  him  in  Nineveh,  and  drove  him  to  the  desperate  expe- 
dient of  burning  himself,  his  haram,  and  his  treasures,  to  avoid 
falling  into  their  hands.  With  him  ended  the  Assyrian  monarchy, 
according  to  Ctesias. 

It  is  needless  to  observe  that  this  account  of  Ctesias  is  utterly 
irreconcilable  with  the  Old  Testament  history.  It  is  equalty 
devoid  of  probability.  A  series  of  30  generations  of  kings  sunt 
in  absolute  indolence,  allowed  to  reign  without  molestation,  is 
utterly  incredible.  Our  author  is  of  opinion  that  Ninus,  Semi- 
ramis,  and  Sardanapalus,  were  the  names  of  the  Assyriaa 
deities,  and  that  the  fiction  originated  from  a  practice  common 
with  the  ancients  of  assigning  the  origin  of  nations  to  gods,  and 
contriving  a  set  of  actions  suitable  to  their  conceptions  of  these 
"divine  kings.  This  opinion  he  supports  with  much  ingenuity, 
and  a  great  deal  of  learning ;  and  his  solution  of  the  difficulty  is 
fully  as  plausible  as  any  hitherto  proposed.  But  I  cannot  see 
any  reason  for  putting  any  confidence  in  the  account  of  a  writer 
who  lived  so  long  after  the  events  which  he  attempts  to  describe 
as  Ctesias,  unless  he  had  favoured  us  with  the  contemporary 
authorities  upon  which  his  supposed  facts  were  founded.  Now 
this,  in  the  present  circumstances  of  the  case,  would  have  been 
obviously  impossible. 

XIX.  A  Descriptive  Account  of  ike  several  Processes  which  are 
vsual/tf  pursued  in  the  Maniifac litre  of  the  Article  known  in 
Commerce  by  the  Name  of  Tin-p/ale.  By  Samuel  Parkes,  F.L.S. 
&c. — This  is  an  interestmg  and  entertaining  paper.  The  author 
has  a  turn  for  describing  manufactures,  and  the  public  are 
already  indebted  to  him  for  several  other  manufactures  of  rather 
fin  interesting  nature,  of  which  he  has  drawn  up  a  description. 
Indeed  his  Essays,  if,  in  a  subsequent  edition,  he  would  reduce 
them  to  half  their  present  size,  by  omitling  all  the  extraneous 
■  matter,  would  be  a  most  valuable  book,  and  more  profitable  to 
Uie  author  than  it  is  Hkely  to  be  under  its  present  form. 

The  art  of  making  tin-plate,  or  of  covenng  plates  of  iron  with 
tin,  seems  to  have  been  estabhshed  in  Bohemia  before  it  existed 
any  where  else  in  Europe.  About  the  beginning  of  the  17tli 
century,  mines  of  tin  were  discovered  in  Saxony,  and  the  Elector 
had  the  address  to  transplant  the  tin-plate  manufactory  to  hift 
own  kingdom.  In  the  year  1665,  when  Mr.  Andrew  Yarringtoo 
visited  tnesc  manufactories,  they  were  of  such  extent  as  to 
«mj)loy  about  80,000  workmen ;  and  the  tin-pUtei  were  sent  ta  -I 
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«U  parts  of  the  civilized  world.  Mr.  Yarrington  went  over  attiMi 
expense  of  some  public  spirited  individuals  to  learn  the  art  of 
making  tin-plate.  On  his  return  to  England  many  thousand 
plates  were  made  under  his  direction,  which  were  considered  by 
all  good  judges  as  superior  to  the  Saxon  tin-plates^  But  he  ana 
bis  partners  were  pre\ented  from  establishing  a  manufactory  by 
the  conduct  of  Charles  II.  who  granted  a  patent  to  one  of  his 
courtiers  for  making  tin-plate.  This  courtier  did  not.  posses^ 
die  requisite  skill,  and  the  patent  prevented  those  who  possessed 
the  skill  from  establishing  the  manufacture.  The  art  of  making 
tin-plate  does  not  seem  to  have  been  practised  in  England  uQ 
mbout  1720.  A  manufactory  was  then  established  at  Pontypool, 
in  Monmouthshire,  where  the  art  is  still  practised  to  a  consider- 
able extent. 

The  best  EngUsh  bar  iron  (prepared  with  charcoal  instead  of 
coke)  is  employed  in  this  manufacture.  It  is  rolled  at  the  mitt 
by  a  pecuhar  process  into  plates  of  the  requisite  thinness* 
These  plates  are  then  cut  by  hand,  shears,  or  by  machinery,  tp 
the  requisite  sizes.  The  plates  are  then -bent  mto  the  form  of 
the  Greek  A,  and  put  into  a  furnace,  heated  by  fiame  from  a  fire- 
place of  a  peculiar  construction,  after  having  been  previously 
cleansed f  as  it  is  called  ;  that  is,  steeped  for  four  or  five  minutes 
in  a  mixture  of  muriatic  acid  and  water,  in  the  proportion  of  four 
pounds  acid  to  three  gallons  water. 

In  the  oven  they  remain  red-hot,  standing  upright  on  the  floor 
till  the  heat  takes  a  scale  off  their  surface.  They  are  then  taken 
out,  allowed  to  cool,  straightened,  and  beaten  smooth  upon  a 
cast-iron  block.    The  plates  are  then  smoothed  and  polished  hy 

Eassing  them  cold  between  a  pair  of  cast-iron  rollers  properly 
ardened  and  finely  polished. 

These  rollers  are  made  by  pouring  the  melted  iron  into  a  thick 
cast-iron  box.  The  consequence  is,  that  the  surface;  loses  its 
heat  rapidly,  and  becomes  hard,  while  the  central  part  of  the 
roller  remains  soft.  The  art  of  makmg  these  rolis,  as  they  are 
called,  is  imperfect,  as  the  process  often  misgives. 

The  plates  thus  smoothed  are  steeped  for  10  hours  in  the  lies, 
which  is  water  acidulated  by  means  of  bran.  In  the  lies,  the 
pi  tes  stand  on  their  edges,  and  they  are  turned  once,  which  is 
called  working  the  lies.  The  plates,  being  taken  out  of  the  lies, 
are  agitated  for  about  an  hour  in  a  liquid  composed  of  a  mixture 
of  sulphuric  acid  and  water.  In  this  mixture  the}^^  become 
perfectly  bright,  and  free  from  the  black  spots  which  are  ^ways 
on  them  when  they  are  first  immersed  in  it. 

When  the  plates  come  out  of  this  pickle,  they  are  put  into 
pure  water  and  scoured  in  it,  with  hemp  and  sand  to  remove  any 
remaining  oxide  or  rust  of  iron  that  may  be  still  attached  to  them; 
for  wherever  there  is  a  particle  of  rust,  or  even  of  dust,  upon 
Ihem,  there  the  tin  ^iU  not  fix.    After  being  scoured^  tliey  are 
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put  into  fresh  water  and  preserved  for  tbe  process  of  tinning, 
for  it  has  been  fuiind  that  they  will  not  rust  in  pure  water  thougii 
kept  in  it  for  a  twelvemonth. 

An  iron  pot  is  nearly  filled  with  a  mixture  of  block  and  grain 
tin  in  a.  melted  state  ;  and  a  qaantity  of  tallow  or  grease  suffi- 
cient, when  melted,  to  cover  the  fluid  metal  to  the  thickness  of 
(bur  inches  is  put  to  it.  The  tin  is  kept  as  hot  as  it  can  be  wiUi- 
OUt  inflaming  the  tallow  on  its  surface.  Another  pot  fixed  by  the 
side  of  the  tin  pot  is  filled  with  grease,  into  which  the  plates  ara 
pnt,  and  allowed  to  remain  an  hour  before  they  are  dipped  into 
the  tin.  They  are  then  dipped  into  the  tin  pot  in  a  vertical  posi- 
tion :  340  plates  are  usually  put  in  at  once  ;  and  that  they  mey 
be  thoroughly  tiimed,  they  usually  remain  in  it  an  hour  and  & 
half.  They  are  then  taken  out,  and  laid  upon  an  iron  grating  to 
rIIow  the  surplus  tin  to  drain  from  them.  But  as  too  muuh. 
tin  always  adheres,  this  excess  is  removed  by  a  Bubaequeat 
process  called  wtis/iing. 

A  vessel,  called  the  mask  pul,  is  nearly  filled  with  the  beat 

frain  Un  in  a  melted  state.  Into  this  vessel  the  plates  are  pat. 
his  mass  of  hot  metal  soon  raelts  all  the  loose  tin  on  the  surface 
of  the  plates,  which  so  deteriorates  the  grain  tin  that  after  60  or 
70  boxes  (a  box  is  2"2.j  plates)  have  been  washed  in  it,  the  quan- 
tity of  a  block  (three  cwt.)  is  usually  taken  out,  -which  ia 
replaced  by  a  fresh  block  of  grain  tin.  When  a  plate  is  taken 
out,  it  is  brushed  first  on  one  side,  imd  then  on  the  other,  by  a 
brush  of  hemp  of  a  peculiar  kind.  It  is  then  dipped  once  more 
into  the  wash-pot.  It  is  then  plunged  into  a  pot  filled  wirfi 
melted  tallow,  the  temperature  ol  which  is  carefully  adjusted  to 
the  thickness  of  the  plates.  Here  the  excess  of  tin  runs  offj  and 
is  collected  in  a  wire  at  the  bottom  of  the  plate.  From  the 
grease-pot  the  plates  ore  removed  into  another  empty  pot  to 
cool,  and  when  they  are  cold  enough  to  handle,  a  boy,  called  the 
Hit  boy,  takes  them  and  dips  ihcni  one  by  one  into  a  pot  contain- 
ing a  little  melted  tin  in  its  bottom.  When  the  wire  of  tin  is 
melted,  the  boy  takes  out  the  plate,  and  gives  it  a  smart  blow 
with  a  thin  stick,  which  disengages  the  wire  of  superfluous 
metal,  and  this  falling  off  leaves  only  a  faint  stripe  in  the  place 
■where  it  was  attached.  Nothing  now  remains  but  to  clean  the 
plates  from  tallow.  This  is  done  by  means  of  bran.  They  are 
then  put  into  wooden  or  iron  boxes  made  exactly  to  fit  them,  and 
are  ready  for  sale. 

XX.  !/'Ae  Laws  of  Statical  Erjaililfriiim  anah/licalli/  Investi- 
gated. By  Mr,  John  Gough. — This  ingenious  and  valuable  paper 
IS  of  a  nature  not  to  admit  of  abridgment.  I  am,  therefore, 
onier  the  necessity  of  referring  the  reader  to  the  volume  itself, 
assuring  him  that  it  will  repay  hia  trouble  if  he  will  give  it  a  careful 
perusal. 

XX!.  Erperimertts  on  the  Gas  from  Cnaf,  chiijlif  with  a  Vimo 
to  its  jiraclical  Application.    By  Wdliam  Henry,  M.D.  F.R.S.&c. 
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—This  paper  is  already  printed  in  the  Annals  of  Philosophy, 
Tol.  xiv.  p.3'J4. 

XXII.  An  liiquirif  into  the  Fleets  produced  upon  SociEty  by 
the  Poor  Law%.  Bj^  John  Kennedy,  Esq.— The  object  of  this 
ingenious  paper  is  to  defend  the  system  of  the  poor  laws  as  estar] 
'  bbshed  in  England.  The  author  ascribes  to  their  agency  th( 
spirit  of  independence,  the  superior  comforts,  and  the  unconuntu 
industry,  which  distinguish  tlie  common  people  in  England, 
He  thinks  that  if  we  take  into  view  the  difference  in  the  value  (^ 
money  and  the  great  increase  of  the  population,  the  poor  ratesV 
are  not  higher  in  England  at  present  than  they  were  60  yean  T 
ago.  He,  therefore,  conceives,  that  the  poor  rates,  instead  of 
being  injurious  to  England,  have  in  reality  been  the  means  of 
creating  a  spirit  ot  independence  and  industry,  to  which  the 
country  has  been  indebted  for  its  prosperity  and  power.  I  am 
very  willing  to  sive  the  author  full  credit  for  the  benevolence  of 
his  views,  and  the  goodness  of  his  intentions  ;  but  conceive  that 
his  mode  of  estimating  the  advantages  resulting  from  the  poor 
laws  is  in  a  great  measure  fallacious.  The  science  of  political 
economy  is  much  more  complicated  than  any  other.  Hence  it 
is  much  more  difficult  to  draw  the  proper  consequences  from 
facts  in  that  science  than  in  any  other.  That  England,  during 
the  last  century,  made  prodigious  advances  in  wealth  and  povF^r 
is  admitted  by  every  one.  The  question  is  to  what  are  we  to 
ascribe  these  advances?  Some  have  ascribed  them  to  the  fre^ 
dom  which  the  inhabitants  of  this  island  enjoyed ;  some  to  the 
successful  wars  which  were  carried  on  in  the  course  of  the 
century,  which  enabled  England  to  cripple,  and  even  annihilate, 
some  of  the  most  lucrative  branches  of  trade  and  manufactures 
carried  on  by  our  rivals  ;  some  to  the  erroneous  policy  and  mis- 
government  of  the  other  European  states ;  some  have  even 
ascribed  the  progress  of  England  to  the  monopolizing  laws  esta- 
blighed  by  the  influence  of  our  manufacturers ;  and  some  have 
been  bold  enough  to  nscribe  it  to  the  increase  of  taxation ;  but 
our  author,  so  far  as  I  know,  is  the  first  person  who  has  ascribed 
it  t.)  the  influence  of  the  poor  rates. 

He  allows  that  the  present  system  of  poor  laws  is  liable  to 
fibusea  that  cannot  be  easily  checked.  This  alone  is  an  objec- 
tion, which  appears  to  me  decisive.  He  thinks  the  poor  ia 
England  are  better  fed,  and  enjoy  much  greater  comforts,  than 
the  poor  in  Scotland.  If  by  poor  be  meant  those  persons  who 
are  supported  by  the  parish,  the  statement,  for  any  thing  that  I 
know  to  the  contrary,  may  be  true  ;  but  if  by  poor  be  meaa^ 
according  to  the  usual  acceptation  of  the  term,  the  class  of 
people  who  are  obliged  to  labour  for  their  maintenance,  1  have 
8ome  reasons  for  doubting  the  accuracy  of  the  assertion,  Tbe 
expense  of  living  is  not  greater  in  Scotland  than  in  Engls.ad,  and 

J  ret  the  wages  of  farmers' servants  is  considerably  higher  in  Scot- 
snd  than  in  England.    A  Scotch  faimer'a  servant  ttien  has  the 
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meGins  of  living  better  than  the  same  class  ofpersons  in  England. 
It  is  true  that  his  style  of  living  ia  different.  He  does  not 
indulge  in  the  large  draughts  of  beer  which  an  English  hind 
cannot  do  without,  and  which  in  reatity  constitutes  the  greatest 
part  of  his  food  ;  hut  he  has  a  liberal  supply  of  milk,  which,  in 
my  opinion  at  least,  is  a  tar  better  beverage.  He  is  not  in  the 
Jiabit  of  wasting  the  whole  of  his  income  upon  his  immediate 
Bubsistence.  He  endeavours  to  lay  up  a  little  for  old  age,  and 
te  has  frequently  an  old  father  or  mother  whose  support  haa 
devolved  upon  him.  Now  I  leave  our  author  to  determine  which, 
of  these  two  modes  of  living  is  likely  to  foster  the  most  indus- 
trioiis  habits  and  the  most  independence  of  spirit.  In  the  south 
of  England  at  least,  for  I  have  not  had  the  means  of  witnessing 
what  is  the  practice  in  the  north  of  England,  the  wages  of  the 
farm  servants  are  so  low  that  the  deficiency  is  partly  made  up 
by  tile  parish,  and  farmers  are  not  in  the  habit  of  hiring  them  by 
the  year  but  for  very  short  periods.  Wow  if  hving  upon  the 
parish  be  the  way  to  acquire  independence  of  mind  and  a  sense 
of  one's  own  dignity,  it  must  be  ncknowledged  at  least  that  the 
medicine  in  general  is  very  unpalatable. 

■  Our  author  says  that  the  poor  rates  lower  the  wages  of 
labourers,  and  enable  the  manufacturers  to  produce  their  cotton 
and  their  calicoes  at  a  cheaper  rate  than  tliey  otherwise  could 
do.  Of  course,  says  he,  it  is  the  interest  of  the  manufacturera 
to  uphold  the  poor  rates.  Now  as  far  as  the  manufacturers  are 
concerned  there  is  something  in  this  argument.  When  turned 
into  plain  English,  it  will  stand  thus  :  Part  of  the  wages  of 
manufacturing  labourers  is  paid  by  the  country  in  general  (by 
manufacturers,  landed  proprietors,  farmers,  &c.)  whereas,  if 
there  were  no  poor  rates,  they  would  be  all  paid  by  the  manufac- 
turers themselves.  Therefore  it  is  for  the  interest  of  the 
manufacturer  that  the  poor  rates  should  continue  ;  so  that  the 
poor  rates  act  as  a  bounty  on  manufactures.  So  far  they  are 
really  injurious  to  the  countiy  by  enabling  manufacturera  ta 
persist  in  making  several  articles  aft'.er  they  have  ceased  t» 
be  profitable.  In  reality,  as  far  as  the  labourers  of  mannfac- 
tuxers  are  paid  by  means  of  the  poor  rates,  the  money  so 
bestowed  is  given  away  to  those  foreign  countries  who  purchase 
our  manufactures  ;  and  England  would  be  just  as  much  richer  as 
«he  is  by  the  amount  of  the  poor  rates  thus  given  to  the  labourin;^ 
manufacturers,  if  these  manufactures  were  not  cultivated  in  the 
country  at  all. 

XXIII.  Memoir  on  Sulphuric  Ether.     By  John  Dalton. 

XXIV,  Observations  on  the  Sarometer,  Theiinomcter,  and 
Rain,  al  Manchester,  from  1794  to  1818  inclusive.  By  Johtt 
DaJton. 

The  tirat  of  these  articles  was  given  e-jtire  in  our  last  number  j 
^e  second  is  reserved  for  our  next. 
Vol.  SV.  N"  III.  O 
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Article  VIII. 

Proceedings  of  Philosophical  Societies. 

GEOLOGICAL   SOCIETY. 

Dec.  3. — A  paper  was  read  by  the  Rev.  Professor  Buckland,  of 
Oxford,  On  the  Quartz  Rock  of  the  Lickey  Hill,  near  Broms* 
grove,  and  Strata  immediately  surrounding  it,  with  Considera- 
tions on  the  Ori^n  of  Quartzose  Pebbles  of  the  Plains  of 
Warwickshire,  and  of  the  Valley  of  the  Thames  from  Oxford 
downwards  to  London. 

The  group  of  the  Lickey  Hills  is  described  in  this  jps^er  as 
occupying  a  small  district  between  Bromsgrove  and  Birming- 
Iiam  m  the  middle  of  an  extensive  tract  of  young  red  sandstone. 

At  the  Lower  Lickey  this  sandstone  suddenly  ceases,  and  a 
long  hill  composed  of  granulated  quartz  rock  projects  to  a  consi- 
derable elevation  above  the  plains  of  sandstone  that  flank  it  on 
the  east,  forming  a  narrow  camel-backed  ridge  of  about  two 
l[niles  in  length,  from  north  to  south,  and  a  quarter  of  a  mile  in 
breadth.  On  each  side  of  this  ridge  is  a  smfall  deposit  of  shat- 
tered strata,  belonging  to  the  coal  formation,  and  near  the 
extreme  points  of  its  north  base  are  two  minute  patches  of  tran- 
sition limestone.  At  its  south  end  there  is  also  a  small  portion 
of  trap  rock,  and  near  its  north-east  base  there  occur  traces  of 
comstone  and  old  red  sandstone.  These  fragments,  together 
with  the  ridge  of  quartz  rock,  are  encircled  by  an  investiture  of 
horizontal  strata  of  young  red  sandstone,  the  beds  of  all  the 
other  formations  being  highly  inclined. 

The  upper  Lickey  Kidge,  which  overhangs  all  these  fragments 
of  older  formations  on  the  west,  contains  a  higher  elevation  than 
any  of  them,  and  is  composed  of  strata  belonging  to  the  young 
red  sandstone  formation,  containing  subordinate  beds  of  pebbles 
derivative  from  the  quartz  rock. 

The  ridge  of  quartz  rock  constitutes  the  most  important 
feature  of  this  group,  and  is  probably  referable  to  a  place  among 
the  oldest  members  of  the  transition  series,  being  exactly  of  the 
fiame  character  with  the  quaitz  of  the  summit  of  the.  Stiper 
atones,  and  the  Wrekin  and  Caer  Caradoc,*  in  which  two  latter 
places,  it  lies  beneath  greywacke  slate,  and  is  incumbent  oo 
grecnHtone. 

The  quartz  at  the  Lickey  is  distinctly  stratified,  and.  is  natu- 
rally shivered  or  split  intio  millions  of  small  angular  fragments ; 
this  circumstance  is  important,  as  showing  3ie  facility  wiA 
which  a  rock  so  constituted,  may  have  been  broken  down  by  tbe 
force?  of  water,  and  have  contributed  to  form  those  enormous 
hvxU  of  siliceous  pebbles  which  occur  in  the  lower  strata  of  the 
young  red  sandstone  formation  in  the  midland  counties  of  Eng- 
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laud.  Other  pebbles  tbat  are  mixed  with  tbem  in  the  suite 
strata  are  probably  derivative  from  the  rocka  of  Chai-onoqd 
Forest.  The  destructibility  of  tbis  rock,  in  consequence  of  its 
shattered  and  mioutely  divided  state,  aflbrds  a  reason  why  those 
few  portions  of  it  which  we  find  in  the  Lickey  and  at  Caer. 
Caradoc  and  Abe  Wrekin,  are  almost  the  only  temainiiig  frag-.*| 
ments  of  a  formation  which  the  abundance  ol  its  wreck  prove* 
to  have  occupied  a  very  considerable  space  before  the  deposition 
of  the  strata  composing  the  yonng  red  sandstone  foraiatioD. 
Several  places  are  specified  in  the  neighbom-hood  of  Bridgnorth 
and  Kidderminster  where  theae  siticeouij  pebbles  may  be  seea 
forming  part  of,  and  imbedded  in,  the  regular- Strata  of  the  yanng. 
red  sandstone  tbrmation. 

In  the  same  neighbourhood,  and  indeed  nniversally  over  the; 
central  plains  of  England,  the  same  pebbles  occur  mixed  with 
other  pebbles  of  almost  every  kiud  of  English  rock  from  granite 
up  to  chalk,  in  the  form  of  superficial  gravel  torn  by  the.  last 
diluvian  waters  that  have  affected  the  earth  from  every  substance 
tbat  lay  within  the  influence  of  their  currents,  and  drifted  toge-, 
ther  without  any  reference  to  the  age  or  condition  of  the  subja^ 
cent  strata  on  which  they  are  now  accumulated. 

The  extent  of  tbis  gravel  is  not  limited  to  the  central  plains  , 
it  has  been  drifted  on  within  the  area  of  the  oolite  formation  by 
two  depressions  or  low  lips  in  the  high  escarpment  of  the  Cots* 
wold  hills,  and  has  passed  down  the  Even-lode  and  CharweH 
towards  Oxford. 

The  table-lands  on  each  side  the  valley  of  Even-lode  are 
scattered  over  with  those  pebbles,  and  on  the  highest  summit  o£ 
Witchwood  Forest,  Wytham  Hill,  and  Bagley  Wood,-  on  the 
north-west  of  Oxford,  thick  lips  of  giavel  composed  of  theaei 
pebbles  from  Warwickshire,  are  accumulated  on  the  surface  of, 
strata  belonging  to  the  oobte  formation. 

The  position  of  these  summits  is  exactly  opposite  the  point 
where  the  valley  of  the  Even-lode  falls  into  tliat  of  the  Thames^ 
and  where  the  diluvian  currents  descending  the  former  vallejf 
would  evacuate  their  driftings. 

Similar  pebbles  occur  in  the  gravel  of  tlie  summit  of  Henley: 
Hill  and  in  the  gravel  beds  of  the  valley  of  tlie  Thames^  &otm 
Oxford  downwards  to  Hyde  Park. 

But  above  that  point  where  the  driftings  of  Even-lode  GoigB' 
fall  into  the  valley  of  tbe  Thamta,  no  such  deposits  of  siliceosw 
pebbles  are  to  be  found  along  the  course  of  the  Softer  riv^r  from! 
its  head  springs  on  the  south  side  of  Ihe  Cotswold  Hills.  Thers 
is  a  considerable  proportion  of  chalk  dints  mixed  up'  with  the 
graTel  we  are  considering;  and  tiiel'act  of  its  containing  pebWea 
of  hard  white  chalk  and  of  red  chalk,  such  us  occurs  in  no  pact 
of  the  chalk  of  the  south-east  of  England,  but  is  common  in  the 
lower  strata  of  this  formation,  in  Lincolnshire  and  Yorkshire,. 
goes  far  to  show  that  these  red  pebbles  and  cb-jd.k.  ^\q^.\v'^'^ 
HI  o  2 
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been  drifted  south-westward,  probably  from  Lincolnshire,  over 
the  plains  of  Leicestershire,  subjacent  to  the  great  oolite 
escarpment.  It  is  certain  the  quartzose  pebbles  cannot  have 
been  drifted  from  any  part  of  England  south-east  of  the  escarp- 
iiient,  since  there  is  no  stratum  in  this  portion  of  the  island  from 
which  they  could  possibly  have  been  derived.  It  is  stated  that 
these  quartzose  pebbles,  which  were  derived  primarily  from  the 
lickey  quartz  rock,  received  their  rounded  form  at  a  period  pre- 
ceding the  deposition  of  the  young  red  sandstone  strata,  from 
which  they  were  again  torn  up  and  mixed  with  fragments  of 
other  rocks,  and  scattered  over  the  surface  of  all  formations  that 
lay  in  the  course  of  the  latest  diluvian  currents  that  have  affected 
the  earth.  The  completely  rounded  flint  pebbles  of  Blackheath 
and  oT  the  Hertfordshire  pudding-stone  are  also  stated  to  have 
received  their  attrition  at  a  period  intermediate  between  the 
deposition  of  the  chalk  and  plastic  clay  formations,  and  long 
anterior  to  the  action  of  the  last  great  diluvian  waters. 

And  both  these  pebble  beds  of  ancient  origin  have  shared  the 
common  fate  of  all  formations  in  being  torn  up  by  the  waters  of 
the  last  great  deluge,  and  mixed  np  with  the  less  perfectly  rolled 
fragments  of  rocks  that  have  undergone  no  further  attrition  than 
that  to  which  they  were  submitted  in  being  washed  by  it  from, 
their  native  station  to  the  gravel  beds  they  now  occupy. 

An  examination  of  the  compound  character  of  the  gravel  beds 
of  Kensington  and  the  valley  of  Oxford  is  brought  forward  in 
proof  of  the  statements  above  advanced. 

At  Kensington,  we  have  the  ancient  pebbles  which  existed  as 
such  in  the  regular  strata  of  Warwickshire  and  Blackheath 
mixed  up  with  the  angular  and  imperfectly  rolled  chalk  flints 
which  constitute  the  mass  of  that  gravel,  and  have  been  sub- 
mitted  only  to  the  action  of  the  last  great  deluge. 

And  at  Oxford  we  have  the  same  Warwickshire  pebbles  mixed 
with  the  angular  and  slightly  rolled  fragments  of  oolite  and  other 
rocks  which  form  the  hills  intermediate  between  Warwickshire 
and  Oxford.  Arguments  are  also  adduced  to  show  that  the 
lower  trunks  of  the  valleys  of  the  Thames  and  Even-lode,  i.  e. 
those  portions  of  them  which  lie  between  the  table  lands  that 
flank  the  course,  did  not  exist  at  the  time  of  the  first  advance  of 
the  diluvian  waters  which  brought  the  pebbles  from  Warwick- 
shire, but  were  excavated  by  the  denuding  agency  which  they 
exercised  during  the  period  of  their  retreat. 

Dec.  17. — The  conclusion  of  a  paper  was  read,  which  bad 
been  begun  last  session,  "  On  the  Coal  Fields  adjacent  to  the 
Severn,"  by  Prof.  Buckland  and  the  Rev.  W.  D.  Conybeare* 

Of  these'  coal  fields  the  first  selected  for  description  is  that 

which  they  have  termed  the  Somerset  and  South  Gloster  Basin. 

It  is  callea  a  basin  only  with  reference  to  the  general  position  of 

the  strata,  comprising  its  interior,  since  these  strata  are  afl^cted 

bjr  many  minor  undulations  which  at  first  sight  appear  to  divicltt 
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it  into  several  smaller  basins  and  irregular  concavities  which  may- 
be considered  subordinate  to  the  general  structure  of  the 
district. 

This  district  occupies  a  triangular  area  bounded  on  the  south 
by  the  Mendip  hills,  and  on  the  other  two  sides  by  hnea  drawn 
from  the  two  extremities  of  the  Mendip  chain  to  the  village  of 
Tortworth,  in  Gloucestershire. 

The  exterior  ridges  which  bound  the  area  of  this  coal  forma- 
tion consist  for  the  most  part  of  an  interrupted  chain  of  mountain 
limestone  reposing  on  old  red  sandstone  ;  and  these  two  forma- 
tions are  so  closely  associated,  that  in  describing  their  geogra- 
phical extent,  it  is  necessary  to  treat  of  them  in  combination. 

Of  these  extensive  ridges,  the  Mendip  chain  is  most  important 
in  extent  and  elevation  ;  it  consists  of  a  central  axis  of  old  red 
sandstone,  danked  by  a  double  line  of  mountain  limestone ;  the 
sandstone  strata,  however,  are  not  visible  in  one  continuous  line; 
hut  present  themselves  in  a  series  of  four  ridges,  forming  the 
four  most  elevated  parts  of  the  chain,  though  not  exclusively 
confined  to  them. 

Each  of  these  ridges  forms  a  saddle-shaped  nucleus  of  saneU 
stone,  usually  inclined  at  an  angle  exceeding  45°,  around  which 
the  incumbent  beds  of  limestone  are  wrappedas  a  mantle  dipping 
in  every  direction,  conformably  to  the  subjacent  sandstone. 

Between  the  sandstone  and  mountain  hme  is  interposed  abed 
of  shale,  in  which  several  fruitless  attempts  have  been  made  in 
search  for  coal :  tJiis  bed  it  is  proposed  to  designate  aa  the 
lower  limestone  shale.  The  Mendip  chain  is  thus  divided  into 
four  regions,  each  containing  as  its  nucleus  one  of  the  ridges  of 
old  red  sandstone. 

The  most  easterly  of  these  is  the  ridge  of  Masberry  Castle, 
near  Shepton  Mallet ;  the  east  central  is  Pen  HiU,  near  Wells  j 
the  west  central,  Priddy  North  Hill  and  the  western  Blackdown, 
near  Cross. 

The  total  length  of  the  Mendip  chain  is  about  26  miles  rua- 
ning  east  and  west  from  near  Fiome  to  Uphill,  on  the  Severn i- 
on  the  south-east  flank  of  this  chain  a  curious  cituumatance  is 
exhibited  in  the  contact  of  overlying  horizontal  beds  of  has  and 
inferior  oolite,  with  the  inclined  strata  of  mountain  hme  and  old 
red  sandstone,  several  small  rivers  in  this  part  exhibiting  roman- 
tic cliffs  of  mountain  lime  in  highly  inclined  strata,  crowned  with 
horizontal  beds  of  oolite. 

These  strata  sometimes  adhere  to  each  other  as  firmly  as  if  th^ 

had  been  parts  of  one  and  the  same  contemporaneous  fonnation,..  | 

.The  detail  of  the  description  of  thesubdivisional  ridges  of  the-" 

3iendip  chain  is  too  minute  to  allow  of  abridgment.  -  i 

The  mountain  limestone  corresponds  in  all  its  characters  with 
that  of  Clifton,  and  has  its  usual  properties  of  engulphing  rivers, 
and  exhibitrngextenBive  caverns  and  abrupt  romantic  precipices,  . 
the  JBOst  reoiai'luible  of  which  are  at  Cheddec  clv^.    '^^«>  f^ 
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red  Band  throughout  this  chain  is  characterized  by  a  degree  of 
sterility  as  remarkable  as  that  of  its  fertility  in  the  countries  of 
Monmouth  and  Hereford :  this  arises  from  its  being  composed 
in  Mendip  of  a  hungry,  sihceous  grit,  alternating  with  beds  of 
brown  tenacious  clay ;  and  being  deficient  in  those  beds  of  marl 
coloured  by  red  oxide  of  iron,  which  give  their  extraordinary 
fertility  to  the  last  two  named  counties,  and  which  extend  their 
influence  to  the  similarly  constituted  strata  of  the  young  red 
•andstone  and  red  rock  marl  formation. 

Jan,  7,  1820. — The  continuation  of  a  paper  was  read,  "  On 
the  Coal  Fields  adjacent  to  the  Severn,"  by  Prof.  Buckland  and 
Rev.  W.  D.  Conybeare. 

The  southern  boundary  of  the  triangular  area  of  the  Somerset 
and  South  Gloucester  coal  field,  having  been  described  as  con- 
stituted by  the  entire  chain  of  the  Mendip  hills,  it  remains  to 
examine  its  west  and  eastern  border,  and  afterwards  to  proceed 
to  the  history  of  the  coal  field  itself. 

On  the  west  border,  the  old  red  sandstone  and  mountain  lime- 
stone do  not,  as  in  the  Mendip  chain,  form  a  continuous  unbroken 
frontier,  but  occur  in  the  detached  groups  of  Brondfield  Down, 
Leigh  Down,  Derdham  Down,  Kings  Weston  Down,  and  the 
ridgway  near  Almondsbury,  extending  thence  to  Tortwordi, 
which  is  situated  on  the  north  apex  cf  the  area  under  consider- 
ation. 

The  strata  of  mountain  lime  composing  Brondfield  Down  dip 
in  every  direction  from  the  centre  to  the  circumference,  as  is 
expressed  on  the  map  by  arrows  and  figures  ;  its  south  hangings 
are  covered  by  beds  of  calcareous  conglomerate,  some  of  which 
are  crowned  with  caps  of  lias. 

The  west  side  of  Brondfield  Down,  being  also  the  steepest,  is 
intersected  by  three  magnificent  gorges,  resembling  Chedder 
CliflTs ;  of  these  Brockley  Comb  and  Gobble  Comb  are  the  most 
important ;  the  latter  has  a  strong  resemblance  to  Dovedale,  in 
Derbyvshire. 

In  a  trough  of  limestone  between  Brondfield  Down  and  Leigh 
Down  is  situated  the  small  coalfield  of  Nailsea,  which  is  a  kind 
of  satellite  exterior  to,  and  attendant  on,  the  great  coal  basin,  to 
the  edge  of  which  it  is  externally  adjacent. 

The  chain  of  Leigh  Down  extends  from  Clevedon  on  the  Severn 
to  the  gorge  of  the  Avon,  near  CHfton ;  it  dips  south,  and  has 
beds  of  old  red  sandstone  forming  the  base  of  the  escarpment  of 
Its  east  portion ;  nearly  parallel  to  this  chain  on  its  north-west 
side  is  a  similarly  constructed  ridge  called  Weston  Down,  having 
a  similar  dip  ;  and  in  the  valley  between  them  are  the  shatterea 
strata  of  the  coal  field  of  Clapton  reposing  on  the  limestone  of 
Weston  Down,  and  touching  the  base  of  the  escarpment  of  the 
west  portion  of  Leigh  Down ;  an  extensive  fault  occurs  along  the 
base  of  this  portion  of  Leigh  Down,  and  brings  the  coal  measures 
into  contact  with  the  basset  edges  of  the  limestope. 
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The  base  of  Leigh  aud  Weston  Down,  and  the  valley  EJtuatecE 
between  them  and  the  Avon,  are,  for  the  most  part,  covered  witli 
horizontal  strata  of  magnesian  conglomerate. 

The  west  boundary  of  the  main  coal  field  is  continued  od  the 
other  side  of  the  gorge  of  the  Avon  in  the  calcareous  chain  that 
winds  round  the  south-east  and  north  sides  of  the  vale  of  West- 
bnry,  and  constitutes  Durdham  Down,  Henbury,  and  Kings 
Weston  Dowa.  The  fundamental  part  of  this  valley  is  old  reil 
sandstone,  the  truncated  edges  of  which  are,  for  the  most  partj 
covered  by  horizontal  beds  of  magnesian  conglomerate;  the  dip 
of  the  old  red  sandstone  acd  limestone  is  outwards  Iq  every  direc- 
tion from  the  axis  of  this  valley. 

The  next  group  of  mountain  lime  and  old  red  sandstone  alon^' 
the  west  frontiers  of  the  main  coal  field  is  that  which  extendsi' 
from  the  ridgway  near  Almondsbury  to  the  village  of  Tortworth^^ 
and  which  dips  regularly  towards  the  interior  of  the  coal  basuB 
with  a  few  partial  exceptions. 

The  intermediate  apace  between  Almondsbury  and  the  Wesfcr- 
bury  group  shows  only  beds  of  the  lias  and  young  red  sandstone 
formation,  which  on  this  side  intrude  largely  within  the  coal 
basin,  extending  to  Stoke  Park,  on  the  edge  of  the  Kingswood 
collieries,  and,  in  all  probability,  covers  up  considerable  tractk 
of  coal;  this  lias  seems  to  have  been  once"  connected  with  that 
of  Pucklechurch  and  Sodbury,  covering  the  whole  South  Gloo- 
cester  coal,  from  which  it  has  been  since  partially  removed  by 
denudations. 

AtTorlworth  the  calcareous  chain  of  the  west  frontier  re achw 
the  point  where  it  is  suddenly  deflected  southwards  at  an  acate 
angle,  and  from  which  it  may  be  traced  with  certain  interrup- 
tions along  the  east  frontier  of  the  great  coal  bstsin  to  thb. 
Mendip  hiUs,  near  Mells. 

Near  Tortwortli,  beds  of  transition  hme  are  protruded  from 
beneath  the  old  red  sandstone,  and  are  intersected  by  two  dykdfc 
of  trap.  We  also  find  there  a  {ew  traces  of  coarse  greywacl" 
slate. 

ROYAL    ACADEMY    OF    SCIENCES    AT    PARI 

An  Anahpis  of  the  Labours  of  the  Royal  Academy  of  Sciences 
during  the  Year  1818. 

(Co«lim.id  from  p.  65.) 

Reports  apvuoved  of  by  the  Academ 

zperimejital  Researches  upon   Lime  for  Building:  by  M. 

Vicat. — As  the  whole  of  this  inoportant  report  will  be  printed  in 
sn  early  volume  of  the  Memoirs,  we  shall  now  only  transcribe 
the  conclusion  of  the  report  of  the  committee,  Messrs.  de  Prony, 
Gay-Lussac,  and  Girard,  Secretary. 

"  This  work  engaged  the  attention  of  your  Comniil'.ee  both  on 
account  of  the  new  facts  it  cuntains,  and  the  order  and  cleaiaeBK 


I 
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with  which  they  are  related.  The  explanations  given  of  them 
are  founded  on  sound  theory,  and  prove  that  the  author,  although 
he  resides  in  a  distant  department,  has  yet  constantly  kept  pace 
with  the  progress  of  the  sciences,  and  is  very  capable  of  deduc- 
ing useful  applications  from  them.  No  one  can  fail  to  conduce 
to  this  progress  if,  witli  such  a  spirit  of  inquiry  as  appears  to 
animate  M.  Vicat,  he  endeavours  to  enlighten  with  his  know- 
ledge the  art  in  which  he  is  employed,  and  engineer^  who  are 
placed  in  similar  circumstances  m  diflFerent  parts  of  the  kingdom, 
are  under  obligations  to  him  both  for  the  results  of  the  work  he 
offers  to  them,  and  the  example  he  oflFers  them."  We  think, 
therefore,  that  this  work  does  in  every  respect  merit  insertion  in 
the  Recueil  des  Savans  Etrangers. 

Euclid  in  Greek,  Latin,  and  French;  by  M.  Peyrard. — Com- 
mittee, Messrs.  de  Laplace,  Legendre,  Prony ;  and  Delambre,. 
Secretary. 

This  third  and  last  volume  contains  the  11th,  12th,  and  13th 
books  of  the  Elements,  the  book  of  the  data ;  and,  lastly,  the 
two  supplementary  books  on  the  regular  solids  which  are  not 
really  by  Euclid,  and  are  generally  attributed  to  Hypsicles  of 
Alexandria.  The  editor  has  thought  it  right  to  apologize  for 
having  republished  tj;iese  two  books,  which  he  does  not  appear 
to  esteem  very  highly  ;  he  is  in  our  opinion  not  only  sufficiently 
justified  by  the  example  of  so  many  other  editors,  one  of  whom 
even  thought  it  right  to  add  a  new  supplement  to  those  of  Hyp* 
nicies  ;  but  we  may  say  that  these  books  are  a  necessary  conti- 
nuation of  the  13th  book  of  Euclid,  who  had  merely  touched 
upon  the  theory  of  regular  solids.  In  fact,  Euclid  contented 
iimself  with  settling  the  edges  of  these  bodies  without  saying  a 
word  about  the  mutual  incHnations  of  their  surfiices,  or  the 
distance  of  these  surfaces  from  their  poles,  or  from  the  centre  af 
the  sphere,  nor  does  he  speak  of  the  surfaces  or  of  the  bulks  of 
the  five  regular  solids. 

Hypsicles  has  not,  however,  entirely  exhausted  the  subject,, 
he  merely  gives  the  surfaces  of  the  dodecahedron  and  the  icosa- 
hedron,  he  determines  their  proportions,  which  is  also  that  of 
their  bulk,  since  the  surfaces  of  these  two  bodies  are  at  equal 
distances  from  the  centre  of  the  sphere — a  remark  which  he 
might  have  extended  to  the  hexahedron  and  the  octahedron,  a& 
has  been  done  by  one  of  his  continuators. 

The  subject  of  the  inclinations  is  treated  of  more  fully.  In 
order  to  determine  them,  Hypsicles  begins  by  explaining  the 
general  construction  of  his  celebrated  master,  Isidorus.  The 
matter  appeared  so  evident  to  that  geometrician  that  he  thought 
it  unnecessary  to  add  any  demonstrations.  At  first  sight,  it 
might  be  imagined  that  Bfypsicles  wished  to  render  it  obscure 
while  demonstrating  it,  but  from  every  appearance  Isidorus 
had,  when  he  invented  his  constructions,  the  figures  in  relief  of 
M  the  regular  solids.     With  this  assistance,  which  M.  Peyrafd 
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also  procured,  nothing  is  required  but  the  use  of  our  eyes  to  be 
convinced  of  the  perfect  accuracy  of  tLese  methods ;  we  maJT 
then  easily  comprehend  the  figures  traced  by  Hypaicles,  and  the 
demonstrations  become  clear.  M.  Peyrard  accuses  these 
demonstrations  of  being  deficient,  both  in  exactness  and  in 
elegance.  We  allow  they  are  much  too  long,  but  that  fault 
ought  not  to  be  thrown  on  Euclid,  who,  we  know  not  why,  has 
determined  the  inchnation  to  be  the  acute  angle  formed  by  two 
contiguous  surfaces.  In  reality  the  inclination  is  never  anacute 
angle,  except  in  the  tetrahedroa  :  it  is  a  right  angle  in  the  hexa- 
hedron, and  an  obtuse  angle  in  the  other  three  aohds,  so  that  an 
acute  angle  is  not  to  be  found  in  the  hexahedron,  and  in  the 
three  other  solids,  it  is  the  angles  between  one  surface  and  the 
prolongation  of  the  neighbouring  surfaces  that  are  acute.  Now 
half  the  demonstrations  of  Hypaicles  are  devoted  to  setthng  the 
species  of  angles,  whilst  the  constructions  of  Isidorus  always  give 
the  true  angle,  whether  acute,  or  obtuse,  so  as  to  preclude  the 
possibility  of  any  mistake. 

We  may  add  that  these  demonstrations,  although  they  are 
different  for  each  of  the  fi  re  regular  solids,  yet  depend  upon  one 
single  principle,  which  would  render  them  clear,  even  indepen- 
dently of  the  figure  in  relief.  This  ^irinciple  consists  in  suppos- 
ing in  each  solid  a  line  to  be  drawn,  which  would  serve  as  a 
.  common  basis  to  two  isosceles  triangles,  whose  sides  are  known. 
In  one  of  these  triangles  the  angle  at  the  summit  is  always 
known ;  in  the  other,  it  is  the  inclination  which  we  seek  for ;  a 
Tery  simple  relation  between  the  cosines  of  the  two  angles  is  the 
result  of  this  ;  and  if  we  apply  to  these  triangles,  one  ofthe  rules 
of  our  modern  trigonometi-y,  w£  immediately  obtain  an  equation 
exactly  similar  to  that  which  is  furnished  by  spherical  trigono- 
metry. 

But  this  modem  rule  ^vas  entirely  unknown  to  Euclid,  to  Isi- 
dorus, and  to  Hypsicles,  who,  in  the  very  defective  solution 
which  he  has  elsewhere  given  us  of  a  problem  resolved  nearly  at 
the  same  time  by  Hipparchus,  has  left  us  a  striking  proof  of  his 
complete  ignorance  ol'  both  plane  and  spherical  trigonometry. 

'It  is  rather  remarkable  that  this  theory  of  regular  solids,  per- 
plexed and  imperfect  as  it  was  with  the  Greeks  and  tneir 
continuators,  should  depend  entirely  upon  a  rectangular  spherical 
ttiangle,  traced  on  the  surface  ofthe  sphere  upon  which  we  vrish 
to  inscribe  at  once  all  these  solids.  The  angles  of  this  triangle 
mre  always  given,  and  the  formulae  resulting  from  them  for  the 
three  sides  lurnish  the  most  simple  expressions  of  the  edges  of 
die  polar  distances  of  all  these  planes  of  their  mutual  inclinations, 
of  their  distances  from  the  centre  of  the  sphere  ;  and,  lastly,  of 
the  methods  of  measuring  with  equal  facility  the  surfaces  either 
partial  or  total,  and  the  bulks  ofthe  five  regular  solids  in  parts  of  ' 
ihe  radius  of  the  sphere  taken  ae  unity,  1 

"This  triangle  not  only  gives  the  precise  and  DumerLcalc^i:axiJi\^  J 
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of  the  indinatioDs,  which  was  beyond  the  geometry  of  Euclid^ 
but  it  also  supplies  the  most  simple  relation  to  determine  the 
nature  and  the  number  of  the  regular  solids  which  can  be 
inscribed  in  the  same  sphere;  so  that  a  single  triangle,  a  single 
formula^  serves  for  all.  This  will  be  demonstrated  by  one  of  us 
in  the  '  History  of  Modem  Astronomy/  at  the  Article  Keplei:, 
who  wished  to  prove,  by  means  of  the  five  regular  sohds,  that  no 
other  planets  than  those  known  from  time  immemorial  could 
eiist. 

"  Another  observation,  not  less  curious  or  new,  is,  that  the 
general  trigonometrical  expressions  (the  most  expeditious  that 
can  be  imagined  for  logarithmic  calculation)  may  be  transformed 
¥rith  wonderful  facility  into  those  irrational  expressions  whi<di 
the  Greeks  call  major,  minor,  and  apotome.  In  fact  all  the 
primitive  angles  are  of  30°,  36°,  46°,  54°,  60°,  and  90°,  whose 
trigonometrical  lines  are  irrational,  and  lead  directly  to  the  con- 
structions of  Euclid  and  of  Isidorus.  The  consequence  of  this 
is,  that  the  unknown  parts  of  each  problem  may  be  expressed  at 
our  option  by  the  sines,  cosines,  and  tangents,  either  of  the  arc 
or  of  its  hal^  so  that  we  have  always  six  difiereut  expressions 
f(Mr  every  one,  and  among  so  many  expressions,  we  may  always 
■elect  the  most  convenient;  the  calculation  is  also  shortened 
still  more  by  the  circumstance  that  there  is  scarcely  one  of  these 
quantities  which  is  not  to  be  found  again  in  another  of  these 
soUds ;  so  that  there  are  never  more  than  four  calculations  in 
the  whole  to  make  for  the  15  unknown  quantities  of  the  general 
problem.  In  this  way,  after  having  completed  and  simplified 
the  constructions  of  Euclid  for  th^  five  edges,  we  have 
succeeded  in  forming  more  ^asy  and  uniform  constructions  thaji 
those  of  Isidorus,  in  rectilinear  isosceles  triangles,  whose 
common  basis  is  the  diameter  of  the  sphere. 

"  We,  therefore,  think  we  may  differ  in  opinion  from  the  trans- 
lator, and  consider  the  two  Books  of  Hypsicles  as  a  curious 
remnant  of  the  ancient  geometry,  inasmuch  as  they  contain 
notions  that  are  not  to  be  found  elsewhere.  The  most  important 
points  are,  to  obtain  true  theorems,  and  faultless  constructions. 
As  for  the  demonstrations,  they  likewise  are  of  importance^ 
doubtless;  but  should  we  be  dissatisfied  with  them,  we  may, 
without  much  di£Bculty,  find  others.  The  principal  defect  of 
those  of  Hypsicles  has  already  been  mentioned ;  it  is,  that  the 
£r8thalf  is  in  every  one  of  them  quite  useless. 

"  It  is  true  that  the  demonstration  of  the  second  proposition  in 
the  second  Book  was  perfectly  unintelligible ;  but  we  may  be 
allowed  to  conjecture  that  only  the  copyists  are  to  blame. 
M.  Peyrard  has  given  a  new  one,  which  may  probably  have 
been  originally  the  author's.  There  is  also  a  demonstration  of 
EucUd  which  all  commentators  had  agreed  to  look  upon  as 
altered,  or  as  quite  deficient.  It  is  one  of  the  most  importaiit 
propositions  in  the  book  of  data,  and  may  be  reduced  to  aa 
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equation  of  the  fourth  degree,  which  is  solved  in  the  same  way 
as  those  of  the  second.  M.  Peyrard  begins  by  giving  the  alge- 
braic calculation  of  it ;  afterwards,  by  tranislating  the  Greek 
demonstration  into  the  modern  style,  he  renders  its  strict  and 
accurate  progress  more  forcibly  evident. 

"Amongst  all  the  propositions  contained  in  thiHlastvolume,  not 
one  occasioned  the  editor  so  nnuch  trouble  as  the  17th  of  the 
12th  Book  of  the  Elements.  In  all  manuscripts  and  editions 
whatever,  the  figure  was  so  defective,  that  most  of  tlie  reason- 
ings of  Euclid  were  quite  inapplicable  to  it.  The  translator  has, 
by  means  of  adding  some  luies,  rendered  the  demonstration 
exact  in  every  respect. 

"There  is,  in  every  other  part,  as  in  the  preceding  volumes,  the 
most  perfect  fidehty  in  the  trasilation,  and  the  same  care  is 
taken  to  correct  the  text,  and  to  collect  the  various  readings, 
which  here  form  84  pages.  The  editor  had  asserted  that  the 
fine  Oxford  edition  was  not  more  correct  tlian  that  of  Basil, 
since,  besides  republishing  all  the  errore,  even  the  most  palpable, 
of  the  latter,  the  former  contained  a  considerable  number  of 
other  faults,  from  which  the  Basil  edition  was  free.  This  state- 
ment excited  astonishment,  and  was  probably  but  little  credited; 
yet  we  cannot  perceive  what  can  be  objected  to  the  eight  pages 
ID  which  M.  Peyrard  has  exhibited  a  comparative  view  of  tho 
two  editions. 

"M,  Peyrard  has  now  brought  a  long  and  laborious  work  to  a 
successful  conclusion.  We  propose  to  tiie  Academy  to  extend 
the  same  approbation  it  has  been  pleased  to  bestow  on  the  two  ■ 
oihers,  to  the  third  volume,  in  the  hopes  that  this  merited 
approbation  may  facilitate  the  publication  of  the  author's  Apol- 
lonius,  the  manuscript  of  which  has  long  since  been  finished." 

We  have  much  pleasure  in  announcing  that  this  new  editioo 
is  begun,  and  that  we  have  already  seen  several  sheets  of  it. 

A  Treatise  nn  Descriptive  Geomehy;  by  M.  Valine,  Civil 
Engineer. — Committee,  Messrs.  de  Prony,  Fourier,  and  Arago, 
Secretary. 

The  lectures  on  descriptive  geometry  of  the  celebrated 
author  of  that  doctrine,  M.  Moage,  contain  an  explanation  of 
the  principles  of  the  science  which  will  always  be  cited  as  a 
perfect  model  of  perspicuity.  It  is  to  be  regretted  that  the  work 
IS  not  more  extensive,  for  artists  who  have  not  made  a  particular 
study  of  mathematics  cannot  famiharize  themselves  with  the 
methods  of  projection,  without  varying  the  data  of  the  ques- 
tions, and  practising  upon  a  great  number  of  examples.  M. 
Hachette  has  partly  filled  up  this  chasm  by  a  supplemeirt, 
which  obtained  the  approbation  of  the  Academy.  By  following 
the  footsteps  of  these  two  scientific  men,  M.  Valine  has  com- 
piled his  treatise,  which  he  divides  into  six  books,  forming 
aiore  than 600  pages  in  quarto.  "The Committee, who  devoted 
tiieir  attention  chiefly  to  the  moat  difficult  parts,  feel  i^leasm%  ^&. 
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acknowledging  that  they  are  composed  with  much  order  and 
clearness.  The  69  plates  accompanying  the  text  are  perfectly 
well  drawn.  Each  diagram  presents  even  to  the  minutest  par- 
ticular every  construction  that  it  is  necessary  to  execute,  in 
order  to  obtain  the  solution  of  the  problem,  and  yet  there  is  not 
the  least  confusion.  In  a  word,  this  work  appears  to  us,  in 
every  respect,  worthy  the  approbation  of  the  Academy.  We 
wish  this  skilful  engineer  may  receive  from  government  such 
encouragement  as  will  enable  him  to  publish  his  work,  and  also 
that  he  may  finish  those  he  has  already  undertaken,  and  which 
are  to  contain  the  applications  of  descriptive  geometry  to  the 
arts  of  the  carpenter  and  of  the  stone-cutter." 

A  Treatise  on  Surveying ;  by  M.  Puissant.  Second  Edition* 
— ^The  first  edition  of  this  work  having  been  speedily  exhausted, 
tlie  author  has,  in  preparing  the  second,  enriched  it  by  somie 
important  additions.  La  Base  du  Systime  Metrique,  la  Meca- 
ni^ue  CelestCy  and  the  Memoirs  of  M.  Legendre,  are  the  fruitful 
mmes  from  whence  he  has  frequently  drawn.  It  would,  how- 
ever, be  wrong  to  suppose  that,  even  in  those  cases,  he  has 
merely  acted  the  part  of  a  copyist,  the  new  and  elegant  demon- 
fitrations  which  he  gives  of  the  already  known  formulae,  and  the 
connexion  he  has  established  between  theories,  that  had  often 
been  presented  separately  and  by  different  geometricians,  prove 
that  M.  Puissant  nad,  before  he  took  up  the  pen,  deeply  studied 
the  methods  of  geodesy.  The  Committee  are  of  opinion  that  the 
new  work  of  this  skilful  engineer  deserves,  in  every  respect,  the 
approbation  of  the  Academy. 

Model  of  a  Machine  for  raising  Water  hy  the  combined  Action 
of  the  Weight  of  the  Atmosphere  on  the  Surface  of  the  lower 
Keservoir,  and  the  Refiux  of  that  Water  in  an  ascending  Pipe, 
inserted  in  a  Kind  of  intermediate  Reservoir,  Jilted  by  Means  of 
the  Vacuum  occasioned  in  it  by  the  said  Mechanism  :  by  Messrs* 
Lacroix  and  Peulvay. — Committee,  Messrs.  de  Prony,  Charles^ 
and  Girard,  Secretary. 

The  Committee  begin  by  explaining  by  what  means  the  want 
of  the  usual  pistons,  valves,  and  suckers,  have  been  supplied. 
From  the  description  they  afterwards  give  of  all  the  parts  of  the 
machine,  and  the  methods  of  bringing  it  into  action,  they  con- 
clude it  may  be  reduced  to  a  sort  of  wheel  furnished  with  a 
certain  number  of  wings,  capable  of  opening  as  they  turn  round 
to  form  successively  as  many  partitions.     The  idea  of  this  sort  of 
pump  appears  to  them  very  analogous  to  a  plan  that  Contfe  car- 
ried into  execution  12  years  before  his  departure  for  Egypt. 
They  even  think  the  machine  of  Conte  was  rather  more  simple ; 
the  new  model  nevertheless  proves  the  artists  to  be  ingenious 
JUttd  intelligent.     If  the  invention  be  not  as  new  as  they  seem 
persuaded  of,  yet  it  cannot  be  denied  that  their  sucking  and 
forcing  pump  may,  in  certain  cases,  be  advantageously  substi- 
tuted for  the   common  pumps,    and  that  the   authors    have 
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displayed  talents  that  deserve  encouragement.  They  add,  that 
in  the  Description  des  Machiaes  de  Serviere,  there  may  be  seen 
an  account  of"  an  apparatus  constructed  in  the  house  of  M.Lenoir, 
Faubourg  Saint  Antoine,  in  which  may  easily  be  perceived  a 
close  resemblance  to  the  machines  of  Cunt^,  and  Measi's. 
Lacroix  and  Peulvay. 

'Notice  relative  to  Iron  Railways ;  by  M.  Gallois. — Comntittee> 
Messrs.  de  Prony  and  Girard,  Secretary. 

It  has  long  been  the  custom  in  some  parts  of  Germany  to 
make,  for  the  purpose  of  working  mines,  roads,  or  carriageways^ 
formed  of  longitudinal  pieces  of  wood,  on  which  were  drawn, 
tiirough  the  galleries,  carts,  appropriated  to  that  sort  of  convey- 
ance. Since  then  a  plan  has  been  invented  in  England  of 
substituting  for  these  pieces  of  wood,  roads,  or  ways,  made  of 
cast  iron.  M,  Gallois  has  undertaken  to  describe  them  more 
fully  than  has  hitherto  been  done,  and  to  estimate  their  advan- 
tages as  compared  with  those  of  common  roads  and  navigable 
canals. 

it  is  in  tlie  neighbourhood  of  Newcastle  that  iron  railways  are 
particularly  numerous.  According  to  the  author,  an  extent  of 
28  square  miles  on  the  surface  of  the  earth  presents  a  series  of 
75  miles  of  them ;  while  the  interior  of  the  coal  mines  contains 
them  to  as  large  an  amount.  Five  or  six  waggons,  made 
entirely  of  iron,  fastened  to  each  other  in  regulai-  succession, 
descend  these  roads  without  any  other  mover  than  their  owa 
weight.  By  means  of  a  pulley,  or  wheel,  a  certain  number  of 
carriages  ia  descending  occasion  a  certain  number  of  otkers  to 
mount,  in  order  to  unload,  or  to  take  in  a  load  at  the  summit  of 
the  inchned  plane  they  traverse.  The  principal  object  M.  Galloiii 
appears  to  have  in  view  consists  in  displaying  the  advantages 
the  iron  railways,  so  frequently  to  be  met  with  in  England,  have 
over  common  roads  and  navigable  canals.  We  are  naturally  led 
to  believe  that,  excepting  in  very  peculiar  circumstances,  there 
will  always  be  a  great  saving  of  power  in  conveyances  by  water» 
for  this  simple  reason,  that  the  whole  weight  of  the  burden  so 
transported  is  supported  by  the  stream,  while  the  inclined  plane 
upon  which  the  carriage  runs  supports  only  a  part  of  its  weight. 
On  the  other  hand,  it  cannot  be  denied  that  many  situations  in 
which  it  would  be  quite  impossible  to  open  a  canal,  might  admit 
of  the  establishment  of  railways  of  wood  or  of  iron.  To  diffuse 
the  knowledge  of  their  construction  is  supplying  our  industry 
with  new  sources  of  employment.  But  previously  to  thejr 
employment,  it  would  be  necessary  to  render  the  casting  of  iroa 
leas  expensive.  This  important  object  has  particularly  hxed  tha 
attention  of  M.  Le  Gallois.  His  notice  on.  iron  railways  is  one  of 
the  most  useful  results  of  the  reeeaiches  in  which  he  has  been 
engaged  during  his  stay  in  England ;  and,  in  our  opinioD,  tn& 
Academy  ought  to  encourage  its  publication. 

Methods  of  cutting  out  Garments ;  one  by  M,  Beck,  tailor  at 
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Paris ;   the  other,  by  M.   Chomerean,  tailor  at  Brie-Comte* 
Bobert. — Committee^  Messrs.  de  Prony  and  Molard,  Secretary. 
'  The  foIlowiDg  is  the  conclasion  of  the  report : 

'Mt  is  possible  that  IVIessrs.  Beck  and  Chomereau  may  ha^e 
been  anticipated  on  some  points  by  those  who  have  treated  of 
the  same  subject  before  them,  but  we  are  not  the  less  obliged  to 
them  for  their  efforts  to  submit  the  art  of  the  tailor  to  rules  that 
tend  to  render  perfection  and  economy  compatible.  We  think 
their  zeal  and  their  talents  deserve  praise  from  the  Academy." 

Essay  upon  a  general  Principle  in  Mechanics  ;  by  M.  Binet. — 
Committee,  Messrs.  De  Laplace,  Poisson,  and  Fourier,  Sec. 

**  The  author  principally  considers  the  proportion  between  the 
powers  and  the  areas  described  by  the  radii  vectores,  round  a 
fixed  centre.  He  denominates  the  fluxion  of  the  area  traced  by 
die  radius  vector  the  areolar  velocity,  to  distinguish  it  from  the 
linear  velocity,  which  the  moving  body  actually  describes  in  its 
Itojectory  hne.  He  calls  the  sum  of  the  products  of  the  masses 
by  the  squares  of  these  areolar  powers  the  areolar  vis  viva,  and 
determines  the  mathematical  relation  of  these  quantities.  If  the 
pctwer  that  acts  upon  a  moveable  point  be  represented  by  a  right 
une  given  in  magnitude  and  position,  and  there  be  drawn  upon 
this  fine,  as  on  a  base,  a  triangle,  whose  summit  represents  the 
fixed  centre,  this  figure  will  represent  the  force  of  rotation,  the 

{ilane  of  the  triangle  being  that  in  which  it  exercises  its  action, 
f  the  moveable  body  passes  from  the  place  it  occupies  into 
another  infinitely  near,  its  radius  vector  will  describe  an  infinitely 
small  area,  the  plane  of  which  may  differ  from  that  of  the  rotary 
power.  If  on  this  last  plane  the  area  described  is  projected,  the 
projection  will  represent  the  virtual  effect  of  the  force  of  rotation 
estimated  in  the  very  plane  of  that  force.  This  being  done,  it 
may  be  enunciated  as  if  it  were  the  principal  result  which  the 
author  attained. 

"  If  the  quantity  of  each  force  of  rotation  be  multiplied  by  its 
virtual  effect,  and  if  all  the  similar  products  be  added,  the  sum 
will  represent  the  instantaneous  increase  of  the  whole  vis  viva. 
relatively  to  the  areas  described,  or  the  sum  of  the  products  oi 
each  mass  by  the  square  of  the  velocity  by  which  the  area  was 
increased.  By  thus  determining  the  element  of  the  total  vis 
viva  for  every  instant  which  follows,  and  by  adding  those  ele- 
ments together,  the  integral  will  express  the  increase  that  the 
vis  viva  receives  during  any  given  time. 

^'  This  proposition  is  entirely  similar  to  that  which  expresses 
the  linear  vis  viva.  The  same  analysis  that  shows  what  these 
propositions  have  in  common,  shows  also  in  what  manner  they 
differ.  Kepler,  to  whom  we  owe  the  discovery  of  the  eUiptic 
n^ptions  of  the  planets,  found  at  the  same  time,  by  an  assiduous 
comparison  of  observations,  that  the  radius  vector  of  a  planet 
described  areas  proportional  to  the  times.  Newton  afterwards 
ascended  from  the  knowledge  of  the  mathematical  laws  deduct 
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from  observations  to  that  of  the  physical  cause  of  the  phenomena. 
He  saw  that  this  equahty  of  the  areas  necessarily  shows  the 
power  that  retains  the  planet  in  its  orbit  to  be  directed  towards 
the  son.  Thus  every  one  of  Kepler's  laws  became  a  theorem  in 
dynamics.  D'Arcy,  Bernouilli,  and  Euler,  well  knew  that  if  the 
areas  were  drawn  upon  any  plane,  the  sum  of  the  areas,  measured 
in  one  direction,  would  augment  in  proportion  to  the  time 
elapsed." 

Here  the  Committee  mention  in  an  abridged  manner  the  theo- 
rem of  Nevvton  relating  to  the  conservation  of  the  centre  of 
gravity;  that  of  M.  De  Laplace  concerning  the  plane  of  the 
maximum  of  the  areas,  the  researches  of  Euler  concerning  the 
measure  and  composition  of  the  momenta.  "  The  propositions 
relative  to  this  composition,  and  many  new  theorems  concerning 
the  same  subject,  are  expressed  in  the  clearest  and  the  most 
elegant  manner  in  the  Treatise,  and  the  Memoirs  which  M. 
Poinsot  baa  published  upon  Statics.  Every  one  of  these  results 
are  to  be  found  in  them,  deduced  by  a  plain  method  peculiar  to 
him,  which  has  the  advantage  of  rendering  them  easy  to  be 
perceived,  and  of  proving,  in  a  direct  manner,  that  the  forces 
of  rotation  are  decomposed,  distributed,  and  destroyed,  accord- 
ing to  rules  entirely  similar  to  those  which  concur  in  the  forcei 
of  translation.  The  exposition  of  the  properties  relative  to  areas, 
which  Laplace  has -given  in  his  Mecanique  Analytique,  ought  to 
be  added  to  this  enumeration, 

"  M.  Binet'a  method  consists  in  deducing  from  the  differen- 
tial equations  of  the  motion,  the  expressions  relative  to  the  areas 
produced,  and  to  their  fluxions  of  tne  first  and  second  order,  by 
proving  that  the  expressions  combine  among  themselves  in  the 
same  oianner  as  those  of  the  arcs  described  by  the  moving  body, 
and  those  of  the  velocities.  This  analogy  between  the  areas  and 
the  trajectories  may  be  considered  in  another  point  of  view;  id 
reality,  if  we  suppose  that,  in  the  general  equation  which  shows 
the  sum  of  the  projected  areas  to  increase  in  proportion  to  the 
times,  the  centre  of  the  radii  vectores  is  placed  at  an  infinite 
distance  from  the  origin  of  the  coordinates,  we  shall  see  directly 
thatthe  velocity  with  which  the  sum  of  the  areas  increase  is  the 
■velocity  with  which  the  centre  of  gravity  of  the  system  departs 
from  a  fixed  plane.  And  in  this  manner  the  theorem  concerning 
the  motion  of  the  centre  of  gravity  is  deducible  from  that  of  the 
preservation  of  the  areas.  The  case  is  the  same  in  regard  to  the 
equation  which  expresses  the  three  parts  of  the  vis  viva  of 
rotation. 

"  The  latter  end  of  the  memoir  presents  an  ingenious  collection 
of  several  general  theorems  of  mechanics.  In  order  to  show 
tiiat  these  propositions  arise  from  one  common  source,  the 
author  adds  to  them  the  differential  equations  of  the  motions, 
multiplied  by  the  coefficients  which  the  variable  quantities  may 
contam,  and  their  differentials  of  the  first  order.     Ilef^roQQ&e&^ 
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determine  these  coefficient.s  so  that  integrable  expressions  may 
be  obtained.  By  this  means  a  general  result  is  obtained,  which 
produces  the  theorem  relative  to  the  motion  of  the  centre  of 
grayity,  that  of  the  areas,  that  of  the  vis  vivaj  and,  lastly,  the 
one  which  the  author  has  demonstrated." 

"  The  researches  which  tend  to  bring  general  mechanics  to 
perfection  are  interesting  not  only  to  the  arts,  but  also  to  the 
study  of  nature.  It  is  upon  these  accounts  that  the  Committee 
judge  the  work  of  M.  Binet  worthy  of  the  approbation  of  the 
Academy ;  as  well  for  the  choice  of  the  subject,  as  for  the  man- 
ner in  which  the  subject  is  treated ;  and  propose  the  printing  of 
the  memoir  in  the  collection  of  foreign  papers." 

(To  6«  contf tiiiMf.) 


Article  IX. 


fCIENTIFIC   INTELLIGENCE,   AND    NOTICES    OF    SUBJECTS 

CONiiECTED    WITH    SCIENCE. 

I,  Protoxide  and  Deutoxide  of  Azote. 

It  seems  to  have  l^een  proved  in  a  satisfactory  manner  by  Gay* 
Liissac,  that  deutoxide  of  azote  or  nitrous  gas  is  a  compound  of 
1  volume  of  oxygen  gas  +  1  volume  of  azotic  gas  united  toge- 
ther without  any  change  of  bulk ;  so  that  the  specific  gravity  of 
deutoxide  of  azote  must  be  the  mean  of  that  of  oxygen  gas  and 
that  of  azotic  gas. 

Specific  gravity  of  oxygen  gas I'llll 

Specific  gravity  of  azotic  gas 0*9722 

2)  2-0833 

Specific  gravity  of  deutoxide  of  azote  =  1  '04 1 6 

A  set  of  careful  experiments  made  in  my  laboratory  gave  1*043 
as  the  specific  gravity  of  this  gas.  Now  this  comes  within  roVpth 
part  of  the  theoretical  number — a  coincidence  which  I  consider 
as  sufficiently  near  to  satisfy  us  of  the  truth  of  Gay-Lussac'& 
hypothesis. 

From  the  most  careful  experiments  hitherto  made  upon  the 
protoxide  of  azote,  there  is  reason  to  consider  it  as  composed  of 
one  volume  of  azotic  gas,  and  half  a  volume  of  oxygen  gas,  coo* 
densed  into  one  volume  ;  for  this  gas  is  completely  decomposed 
when  mixed  with  its  own  volume  of  hydrogen  gas,  and  an  elec- 
trical spark  passed  through  the  mixture.  There  remains  B&tt 
the  combustion  a  quantity  of  azotic  gas  exactly  equal  to  the 
original  bulk  of  the  protoxide  of  azote  employed*  Let  thu 
Tofumes  of  the  two  gases  burued  be  ^^a  fellows : 
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Protoxide  of  azote 100  volumes 

Hydrogen 100 

After  the  combustion  there  will  remain  a  quantity  of  azote 
making  100  volumes.  Now  100  volumes  of  hydrogen  for  com- 
plete combustion  require  50  volumes  of  oxygen.  From  this  it  i* 
obvious  that  100  volumes  of  protoxide  of  aiwjte  are  composed  of 


Azotic  gas 100  1 

Oxygen  gas 60 

condensed  into  100  volumes ;  or,  which  is  the  same  thing,  of 
one  volume  of  azote  and  half  a  volume  of  oxygen  condensed  into 
one  volume.  Hence  we  must  obtain  its  specific  gravity  by  adding: 
half  the  specific  gravity  of  oxygen  gas  to  the  specific  gravity  of" 
azotic  gas. 

•        Specific  gravity  of  azote 0'9722 
Half  specific  gravity  of  oxygen 0'5565 

Specific  gravity  of  protoxide  of  azote  =   1'5277 

Now  Colin  found  the  specific  gravity  of  this  gas  1-5204,  and 
a  careful  set  of  experiments  made  in  my  laboratory  gave  the 
Bpecific  gravity  of  this  gas  l'526y— a  number  which  is  much  leas 
than  T^'mith  part  from  the  theoretical  number.  There  seems 
then  no  reason  to  doubt  the  accuracy  of  the  opinion,  that  this 
gas  is  a  compound  of  a  volume  of  azotic  gas  and  half  a  volume 
of  oxygen  gas  condensed  into  one  volume. 

AiolE.         Ojvgcn. 

Nitrous  gas  is  formed  of  1  vol.  +  1  vol.  constituting  2  vols. 
Protoxide  of  azote  .,..1  +i 1 

There  seems  no  reason,  therefore,  to  doubt  that  if  nitrous  gas 
could  be  deprived  of  half  its  oxygen,  it  would  be  converted  into 
protoxide  of  azote,  and  that,  by  this  abstraction,  its  bulk  would 
be  reduced  exactly  one  half.  But  upon  putting  this  apparently 
accurate  conclusion  to  the  test  of  experiment,  the  result  turns 
out  considerably  different  from  what  would  be  expected. 

Every  chemist  is  aware  of  the  fact  that  nitrous  gas  is  converted 
into  protoxide  of  azote  by  keeping  in  it  a  quantity  of  moistened 
iron  wire.  The  fact  was  first  observed  by  Dr.  Priestley,  and  led 
to  the  original  discovery  of  protoxide  of  azote.  The  experiment 
must  have  been  very  often  repeated  since,  though  1  am  not 
aware  that  any  very  precise  trials  have  been  made  to  determine 
the  change  of  bulk  which  takes  place.  It  may  be  worth  whilc^ 
therefore,  to  relate  here  the  result  of  a  very  careful  experiment 
which  I  made  to  determine  this  point. 

Fifteen  cubic  inches  of  nitrous  gas  (containing  one  per  cent,  of 
azotic  gas)wereletup  into  a  glass  jar  standing  o^tt  -kictcxh^  ,«tA. 
previously  filled  with  that  liquid.     The  batoaietCT  ¥.\»Qi ^\.'5&"'^^ 
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iuclies,  aud  the  thermometer  at  54°.  Had  the  barometer  sto 
at  BO  inches,  and  the  thermometer  at  60°,  fhe  bulk  of  the  gas 
would  have  been  14'72  cubic  inches.  Or  (abstracting  the  azotic 
gas)  14-6728  cubic  inches,  I  let  up  into  this  gas  50  grains  of 
«lean  iron  wire,  together  with  a  littie  water,  just  sufficient  to 
moisten  the  iron.  Ihe  iron  began  slowly  to  rust,  and  the  nitrous 
gas  to  diminish  in  bulk.  But  as  the  experiment  was  made  in 
winter,  when  the  cold  was  severe,  the  diiuiuution  went  on 
but  slowly.  After  the  interval  of  a  month,  it  seemed  to  have 
reached  its  maximum.  I  allowed  it  to  remain  a  fortnight  longer, 
however,  and  then  measured  the  residual  gas.  It  amounted  ti» 
nine  cubic  inches,  the  barometer  standing  at  29"94  inches,  and 
the  thermometer  at  42°.  This  would  have  been  fJ-SH  cubic 
inches  if  the  barometer  had  stood  at  3U  inches,  and  the  theraio- 
meter  at  60°;  or,  abstracting  the  azoie,  !)'169S  cubic  inches. 
This  residual  gas  was  pure  protoxide  of  azote ;  for,  being  left 
standing  upon  water  for  24  bourti,  it  was  totally  absorbed  by  that 
liquid,  except  the  0'1472  cubic  inch  of  azotic  gas  with  which  the 
nitrous  gas  had  been  originally  contaminated. 

Now  this  residual  gas,  instead  of  one  half,  amounts  to  very 
siear  two-thirdd  of  the  residual  gas.  I  ask,  how  this  is  to  be 
explained?  It  is  true  that  in  other  experiments  (made  in  warm 
weather)  I  have  seen  the  bulk  of  the  nitrous  gas  reduced  almost 
exactly  to  one  half  of  its  original  bulk ;  but  the  experiment  above 
related  was  made  with  rigid  attention  to  accuracy.  Is  it  not 
probable  from  this  that  the  specific  gravity  ofthe  gaseous  residue 
18  not  always  the  same '.'  The  subject  obviously  requires  further 
elucidation. 

The  common  opinion  entertained  respecting  the  way  in  which 
thfi  oxygen  is  abstracted  from  the  nitrous  gas  in  this  experiment 
is  this.  The  iron  decomposes  the  water  in  contact  with  it,  unit- 
ing with  its  oxygen,  and  setting  free  the  hydrogen.  The  nascent 
hydrogen  acts  npon  the  nitrous  gas,  abstracting  half  the  oxygeil, 
and  thus  converting  it  into  protoxide  of  azote.  Austin  and 
Davy,  and  probably  other  chemists,  have  shown,  that  a  little 
ammonia  is  evolved  during  tliis  process.  Now  there  is  one 
thing  that  makes  me  hesitate  about  adopting  this  explaaatioR, 
simpie  as  it  is,  as  the  true  one.  After  the  bulk  of  the  gas  has 
decreased  so  as  to  reach  its  maximum,  I  have  never  observed  any 
iniTcase  to  take  place  ;  yet  if  the  process  had  consisted  in  the 
decomposition  of  water  by  the  irou,  that  decomposition  ought  to 
go  on  as  long  as  any  wat^r  continues  in  contact  with  the  iron  ; 
•and  after  the.  nitrous  gas  has  been  converted  into  protoxide  c^ 
azote,  the  hydrogen,  as  it  does  not  decompose  the  protoxide  of 
azote,  ought  to  mix  with  it,  and  increase  its  volume.  But  I  have 
never  found  any  hydrogen  gas  mixed  with  the  protoxide  of  azote 
in  this  experiment ;  and  what  appears  still  more  conclusive,  if 
possible,  I  have  placed  iron  wire  in  contact  with  a  little  water  in 
,a  glass  vessel  over  mercury,  and  allowed  it  to  remain  beside 
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aSo&ier  jar,  in  whicb  the  nitrous  gas  was  coavcrted  into  protos- 
ide  of  azote  by  moist  iron,  yet  the  iron  wire  yielded  no  lur 
Jsubbles  during  titie  whole  time  the  process  lasted. 

11.  Phosphorom  Acid. 
Berzelius  haa  endeavoured  to  prove,  in  a  paper  which  he  pub- 
lished some  years  ago,  that  the  oxygea  in  phosphorous  acid  is  to 
that  in  phoaphoric  acid  as  the  number  3  to  fi.  The  compositioo 
of  the  two  acids,  according  to  his  view  of  the  subject,  is  as 
follows : 

Phosphorous  acid  composed  of.  . .  2  phosphonLs  +  1'5  oxygen. 
Phosphoric  acid 2  +  2'5 

so  that,  in  order  to  obtain  whole  numbers  for  oxygen,  we  must 
make  the  weight  of  an  atom  of  phosphorus  4,  and  consider 
phosphorous  acid  as  a  compound  of  one  atom  phosphorus  aufl 
three  atoms  oxygen,  and  phosphoric  acid  as  a  compound  of  one 
atom  phosphorus  and  five  atoms  oxygen. 

A  set  of  experiments  which  I  published  some  years  ago  seem 
to  me  to  demonstrate  the  constitution  of  these  two  acids  in  a 
satisfactory  manner.  Phosphuretted.  hydrogen  gas  is  i^  tlK 
specific  gravity  0-9022.     It  is  composed  by  weight  of 

PhogphoruB 12  or  1-500 

Hydrogen 1       0125 

'^erefore,  if  it  he  a  compound  of  an  atom  of  phosphorus  and  a» 
atom  of  hydrogen,  an  atom  of  phosphorus  must  weigh  1-5.  This 
gas  for  complete  combustion  requires  either  its  own  volume  of 
oxygen  gas,  or  1^  time  its  own  volume.  Mow  this  gas  consist& 
-of  one  voluEne  of  hydrogen  gas  combined  with  one  volume  of  the 
vapour  of  phosphorus,  and  both  condensed  into  one  vohime*; 
therefore  the  hydrogen  in  this  gas  will  require  half  a  volume  of 
oxygen  gas  tp  convert  it  into  water;  so  that  the  phosphorus  ia 
a  volume  of  phoaphiuretted  hydrogen  gas  is  capable  of  combining 
either  with  half  a  volume  of  oxygen  gas,  or  with  a  whole  volume. 
tn  the  first  place,  phosphorous  acid  is  formed,  and  in  the  second 
place  phosphoric  acid.  By  these  experiments  (which  were  made 
with  the  utmost  care)  it  is  demonstrated,  I  conceive,  that  pho»- 
jAoric  acid  contains  just  twice  as  much  oxygen  as  phosphorons 
acid  combined  with  the  same  weight  of  phosphorus.  These 
experiments  are  much  more  decisive  than  those  of  Berzelius,  and 
they  have  the  advantage  of  beij^g  much  more  easily  made.  All 
that  is  necessary  is  to  procure  phosphuretted  hydrogen  gas  in  a 
state  of  purity. 

The  specific  gravity  of  phosphuretted  hydrogen   gas   being 

0-9022,  and  hydrogen  gas  not  altering  its  bulk  when  it  is  con- 

■wrted  into  phosphuretted  hydrogen  gas,  it  is  ohvious  that  if  we 

subtract  the  specific  gravity  of  hydrogen  gas  from  that  of  phoa- 

p  *2  I 
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ph'uretted  hydrogen  gas,  the  remainder  will  be  the  weight  of 
phosphorus  existing  in  a  volume  of  phosphuretted  hydrogen  gasv 

Specific  gravity  of  phosph.  hydrogen  0*9022 
Specific  gravity  of  hydrogen 0*0694 

Phosphorus =  0-8328 

This  number  0*8328  may  be  considered  as  the  specific  gravity 
-of  a  volume  of  phosphorus  in  the  state  of  vapour.  We  have 
then  phosphorous  acid  composed  of 

1  volume  vapour  of  phosphorus  • .  =  0*8328 
^  volume  of  oxygen  gas • .  =  0*6656 

But  8328  :  5565  ::  1*5  :  1  very  nearly.     Hence  it  follows,  that  if 
4in  atom  of  phosphorus  weighs  1*5,  phosphorous  acid  is  a  com- 
pound of  one  atom  phosphorus  +  .one  atom  oxygen;  and  that 
the  weignt  of  an  integrant  particle  of  it  is  2*5. 
Phosphoric  acid  is  composed  of 

1  xolume  vapour  of  phosphorus,  •  •  =  0*8328 
1  volume  oxygen  gas •  • .  =  1*111 1 

But  8328  :  mil  ::  1*5  :  2  very  nearly.  Therefore  phosphoric 
acid  is  a  compound  of  one  atom  phosphorus  s=  1*5  and  two 
atoms  oxygen  =  2;  and  the  weight  of  an  integrant  particle  of 
it  is  3*5. 

There  exists  but  little  difference  of  opinion  between  Berzelius 
and  myself  respecting  the  composition  of  phosphoric  acid.  The 
numbers  resultmg  from  my  experiments  are. 

Phosphorus 100 

Oxygen 133| 

While  the  numbers  of  Berzelius  are. 

Phosphorus 100*00 

Oxygen : 128*17 

Now  my  numbers  are  corroborated  by  the  direct  experiments^ 
of  Sir  Humphry  Davy,  who  found  that  100  phosphorus,  when 
burned  in  a  high  temperature,  absorbed  135  of  oxygen.  The 
mean  of  the  experiments  of  BerzeliUs  and  Davy  gives  us  the 
following  numbers  for  the  constituents  of  phosphoric  acid : 

Phosphorus 100*00 

Oxygen. 131*58 

These  facts  seem  to  me  to  lead  us  without  any  hesitation  to 
admit  phosphoric  acid  to  be  a  compound  of  1  atom  phosphorus 
«=  1*5  +  2  atom*  oxygen  =2. 

It  is  with  respect  to  the  composition  of  phosphorous  acid  that 
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the  principal  difference  of  opinion  exists.     I  consider  it  as  com- 
posed of 

Phosphorus 100 

Oxygen 66f 

Benelius,  eis  composed  of 

Phosphorus 100-00 

Oxygen 74-94 

Berzelius  ascertained  the  composition  of  phosphorous  acid  in 
the  following  manner :  He  dissolved  2-21 1  parts  of  protochloride 
of  phosphorus  in  water.  Now  it  is  known  that  when  this  com- 
pound comes  in  contact  with  water,  its  two  constitnenta  are 
converted  respectively  into  muriatic  acid  and  phosphorous  acid 
at  the  expense  of  a  portion  of  the  water,  the  chlorine  uniting 
with  the  hydrogen  of  that  liquid  ;  while  the  phosphorus  unites 
with  its  oxygen.  He  threw  down  the  muriatic  acid  hy  means  of 
nitrate  of  silver.  The  fused  chloride  of  silver  weighed  6-915. 
Now  the  chlorine  in  this  portion  of  chloride  of  silver  amounts  to 
r705.  This  weight  of  chlorine  to  become  muriatic  acid  must 
combine  with  0-0474  hydrogen.  This  hydrogen  it  acquired  by 
the  decomposition  of  water,  and  this  hydrogen  must  have  been 
in  combination  with  eight  times  its  weight  of  oxygen,  or  0-3792, 
which  must  be  the  quantity  of  oxygen  that  combined  with  the 
phosphorus  in  2-211  parts  of  protochloride  of  phosphorus.  But 
the  phosphorus  in  the  chloride  was  2-211  -  1-706=0-506;  so 
that,  according  to  this  experiment,  phosphorous  acid  is  com- 
posed of 

Phosphorus 506-0  or  100-00 

Oxygen 379-2        74-94 

Bui  the  consequences  deduced  from  this  experiment  depend 
upon  assumptions  which  have  not  yet  been  demonstrated.  If 
the  protochloride  of  phosphorus,  have  the  property  of  ubKorbing 
more  chlorine  than  an  atom,  which  seems  to  Be  the  case,  if  the- 
analysis  of  it  by  Davy  be  nearly  accurate,  then  the  whole  conclu- 
sions deduced  by  Berzelius  from  the  experiment,  as  far  as  the 
constitution  of  phosphorous  acid  goes,  fall  to  the  ground.  Now 
Davy  found  protochloride  of  phosphorus  a  compound  of 

Phosphorus 2-98  or  1-500 

Chlorine 10-62      5-345 

Here  the  proportion  of  chlorine  is  almost  one-fifth  greater  than 
an  atom. 

But  let  us  consider  protochloride  ofpliosphorusasa  compound 
of  one  atom  chlorine  and  one  atom  phosphorus.  Its  constituent* 
must  then  be : 

Chlorine. 4-5 

Phosphorus , . .  V-  a 


he 
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When  it  conies  in  contact  with  an  integrant  partide  of  wate% 
the  hydrogen  of  the  water  combines  with  the  chlorine,  and  the 
oxygen  with  the  phosphorus,  constituting  muriatic  acid  and 
phosphorouB  acid.     Now  water  is  composed  of 

Oxygen 1-000 

Hydrogen 0-125 

When  an  integrant  particle  of  protochloride  of  phosphorus 
comes  in  contact  with  an  integrant  particle  of  water,  a  double 
decomposition  takes  place,  and  there  are  formed 

1.  An  integrant  particle  of  muriatic  acid  composed  of 

Chlorine 4-500 

Hydrogen 0- 125 

2.  An  integrant  particle  of  phosphorous  acid  composed  of 

Oxygen I'O 

Phosphorus I'5 

Thus  it  is  not  possible  that  phosphorous  acid  can  be  a 
pound  of  any  thing  else  than 

1  atom  phosphorus =  1-5  or  100 

1  atom  oxygen  =  1  -0        tifi-J- 

even  from  the  very  experiment  upon  which  Bereelius  has  foundeff 
his  opinion. 

I  do  not  expect  that  the  preceding  train  of  reasoning  will  be 
viewed  as  satisfactory  by  Berzelius.  His  notions  respecting  the 
atomic  theory  are  so  different  from  mine,  as  are  likewise  his 
opinions  respecting  the  composition  of  muriatic  acid,  that  we 
differ  entirely  in  the  original  data  from  which  we  respectively  set 
out ;  but  1  think  they  will  be  admitted  to  be  perfectly  satisfao- 
■tory  by  every  one  who  has  imbibed  accurate  notions  respecting 
the  atomic  theory,  and  who  is  acquainted  with  the  present  state 
of  the  science. 

Professor  BerzeJius  will,  I  hope,  forgive  me  for  expressing  my 
regret  at  the  unfortunate  opinions  which  he  has  adopted  respei  - 
ing  the  laws  to  which  chemical  combinations  are  subjecti 
These  opinions  have  been  the  result  of  an  alnioiit  infinite  numj 
of  experiments,  conducted  with  the  most  minute  attention  to 
preciiiion  ;  and  they  have  been  deduced  with  exquisite  address 
as  the  final  results  of  these  experiments.  No  person  can  have 
a  greater  admiration  for  the  talents  and  industry  of  this  illustrious 
chemist  than  I  myself  have  ;  and  no  one  is  more  fully  sensible  of 
the  numerous  obligations  under  which  chemistry  lies  to  bis 
sagacity  and  unrivalled  analytical  skill;  yet  I  have  not  the 
smallest  doubt  that  the  fundamental  opinions  by  which  ail  h' 
conclusions  are  regulated  are  inconsistent  with  the  true  chemici 
laws  of  nature 


my 
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III.  Meteorological  Table.  Ritracted  from  the  Register  kept 
,«(  Kinfauiis  Castle,  N.  Britain.  Lat.  66°  23'  3(J".  Abo'ae 
the  Level  of  the  Sea  129  feet. 
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29-472 
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38-839 
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18 

13 
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2-45 

14 

14 
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1-10 

9 

V« 
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99-70i 
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13 

1H 
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12 

T1 
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13 
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A' 
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1-70 

10 
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14 
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13 
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IS 

Awrr.  ofyear 

29-701 
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V.  An  Account  of  the  State  of  the  Barometer ^  Tliermometer,and 
Wind,  during  the  late  Humcane,  at  the  Island  of  St.  Thomas% 
tn  the  West  Indies,  as,  observed  on  Board  H.M.S.  Salisbury. 
Communicated  by  Col.  Beaufojr,  F.R.S. 


1819. 

"■    — 3 

Time.    . 

Baroro. 
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Sept.  SO 

8  P.M. 
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21 

O   A.  M. 
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N 

Ik  W 

29-72 

820 

i     56 

29-72 

NWbyX 

2     15 

29-70 

2    45 

29-70 

• 

S     \o 

S    55 

^      7    20 

8  85 

9  20 

29-67 
29««5 
29-55 
29-50 
29-40 

• 

• 

9    55 

10  SO 

11  00 
11     45 

29-40 
29  SO 
29-25 
29  15 

WNW 

:22 

3    SO 

28-80 

sw 

4    15 
8    15 

29-25 
29-50 

• 

1 

12    SO 

£9-75 

HfSght  of  the  hnrri- 

4    00 

29-75 

70 

cane  with  ihumler 

7    20 

29-72 

and  lightnio^. 

V.  Method  of  determining  the  Specific  Gravifi/  of  Gases. 

In  the  first  volume  of  the  Memoirs  of  the  Wernerian  Natural 
History  Society  of  Edinburgh,  the  members  of  that  Society  did 
me  the  honour  to  insert  a  paper  of  mine  on  olefiant  and  carbu- 
retted  hydrogen  gases.  In  that  paper  I  have  given  an  account 
of  the  method  which  I  have  long,  been  in  the  habit  of  following 
for  taking  the  specific  gravity  of  gases.  I  have  reason  to  believe 
that  this  method  has  been  generally  followed  in  Great  Birkain 
ever  since  I  made  it  knov/n.  But  it  we  are  to  judge  from  the 
account  which  Biot  gives  of  the  mode  of  taking  the  specific 
gravity  of  gases  in  his  Trait6  de  Physique,  and  from  the  descrip- 
tion which  Berzehus  gives  of  his  own  experiments  to  determine 
the  specific  gravity  of  sulphurous  acid  gas,*  it  does  not  a{>pear 
to  me  that  the  chemists  on  the  continent  are' aware  of  the  faci- 
lity with  which  the  specific  gravity  of  gases  may  be  taken. 

My  method  is  founded  on  a  well-known  fact  that  when  two  gases 
are  mixed  their  bulk  does  not  alter,  I  have  a  large  glass  flask  fitted 
with  a  stop-cock.  I  weigh  this  flask  as  accurately  as  possible ; 
then  exhaust  it,  and  weigh  it  again.  The  loss  of  weight  sus- 
tained is  equal  to  the  quantity  ot  common  air  drawn  out,  and  is 
less  or  more  according  to  the  size  of  the  flask  and  the  goodness 
of  the  exhaustion.  Let  it  be  =  a.  I  then  fill  the  flask  with  the 
^B  whose  specific  gravity  I  want,  taking  care  to  exhaust  the 

«  See  the  last  number  of  (he  JnnaU  of  PhiUMoj^kjf. 
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stop-cocks  connected  with  the  apparatus  before  the  gas  is  let  in  ' 
Ail  the  precaution  necessary  is  to  take  care  that  no  particles 
of  water  or  mercury  (supposing  the  gas  to  be  standing  over' 
mercury)  insinuate  themselves  into  the  Hask.  It  is  obvious  that 
the  volume  of  gas  which  will  enter  the  flask  will  be  precisely '  ■ 
equal  to  the  volume  of  common  air  that  has  been  previously 
drawn  out  of  it  by  the  air-pump.  I  now  weigh  the  flask  thus 
filled  with  the  gas  whose  specific  gravity  I  wish  to  know.  The  . 
increase  of  weight  of  the  flask  above  its  weight  when  exhausted 
gives  exactly  thi;  weight  of  the  gas  introduced  into  the  flask. 
Let  this  weight  be  =  h. 

We  have  now  obtained  the  weight  6  of  a  certain  unknown 
volume  of  gas,  and  the  weight  a  of  exactly  the  same  volume  of 
common  air.     Now  I  say  that  the  specific  gravity  of  the  gas  is  ■ 

=  -.     Or  we  have  only  to  divide  the  weight  of  the  gas  b  by  the 

weight  of  the  air  n.  This  quotientis  the  true  specific  gravity  of 
the  gas  without  any  correction  whatever  being  requisite  either 
for  temperature,  or  for  the  height  of  the  barometer^  because  all 
gaseous  bodies  undergo  the  same  change  of  volume  by  the  same 
application  of  heat  or  pressure.  Hence  the  specific  gravity  of 
au'  bears  the  same  ratio  to  that  of  the  gases  at  every  temperature, 
and  under  every  pressure. 

Had  Berzelius  employed  this  method,  he  would  not  have 
required  three  days  to  obtain  a  very  imperfect  approximation  to 
the  specific  gravity  of  sulphurous  acid.  Whoever  will  take  tha 
specific  gravity  of  this  gas  in  t!ie  way  that  I  have  directed  above 
will  find  it  just  double  the  specific  gravity  of  oxygen  gas  ;  or  * 
2-2222. 

It  very  seldom  happens  that  the  gas  whose  specific  gravity  is 
taken  is  perfectly  free  from  some  admixture  of  common  air.  In 
such  cases  it  is  always  necessary  to  determine  the  volume  of  air 
in  the  gas,  and  when  this  is  known,  the  specific  gravity  of  the 
pure  gas  may  be  deduced  from  that  of  the  mixture  by  a  very 
simple  calculation.  Let  j:  =  specific  gravity  of  the  pure  gas, 
A  =  the  volume  of  air  in  the  inisture,  a  =  specific  gravity  of 
air;  B  =  volume  of  pure  gas  present,  c  =  specific  gravity  of  the 
mixed  gas,  then 


VI.  Combinations  of  Prussic  Acid. 
Mv  facetious  correspondent,  who  subscribes  himself  "  Jack 
Addle,"  would  have  spared  his  animadversions  on  Count  Le 
Maistre's  paper,  if  he  had  recollected  that  mistaken  inferences 
in  science,  when  the  mistake  is  obvious,  and  has  been  pointed 
out  even  before  It  has  been  committed,  can  never  be  in  the  least 
injurious  to  the  progress  of  science  ;  while  a  haughty  rejection 
of  the  first  attempts  at  expeiinient,  even  though  these  attempt* 
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should  not  be  very  successful,  may  damp  the  ardour  of  a 
person  to  whom  hereafter  the  science  may  lie  under  obligations. 
Chemietry  was  nearly  losing  the  unrivalled  abilities  and  industrjt 
of  Scheele  by  a  piece  of  carelessness,  for  I  will  not  call  itbaugh^ 
tinesH,  of  Bet^man.  Scheele,  a  young  man  whom  nobody 
knew,  sent  a  paper  to  Bergman,  thtn  in  the  height  of  his  repn^ 
tation,  purporting  to  be  a  mode  of  obtaining  tartaric  acid  in  a- 
state  oi  purity  trom  tartar.  Bergman  threw  aside  the  paper 
without  looldng  at  it.  Scheele  of  course  was  provoked.  He 
withdrew  his  paper,  and  sentit  to  Retzius,  who  was  a  ProfessoE 
at  Lund.  Had  Retzius  treated  the  paper  in  tbe  same  way  tliat 
Bei^man  did,  Scheele's  name  might  never  have  been  heard  of. 
But  fortunately  for  the  science  of  chemistry,  and  for  the  reputa^ 
tion  of  Sweden,  Retzius  sent  the  paper  to  the  StockJiohu 
Academy,  by  whom  it  was  pubhshed. 

Tliat  Count  Le  Maistre's  supposed  new  prussiates  are  mere' 
mixtures  of  prussiate  of  iron  with  the  different  eartlis,  &c.  which 
he  employs  cannot  escape  the  noticeofany  one  who  is  acquainted 
with  the  action  of  acids  on  yellow  prussiate  of  potash.  One 
hundred  grains  of  this  salt,  when  treated  with  sulphuric  acid, 
deposit  33  grains  of  pure  prussiate  of  iron.  Muriatic  acid  will 
probably  occasion  the  same  deposit.  It  is  this  portion  of  prus- 
siate of  iron  thus  evolved  that  occasions  the  blue  colour  in  all 
the  Count's  experiments.  But  what  then?  Is  it  not  possible  that 
some  of  the  mixtures  which  he  points  out  may  be  useful  as  pig-- 
ments  ?  Or  may  not  his  views  lead  to  the  discovery  of  some 
useful  pigment  ?  These  were  my  motives  for  inserting  the  paper 
ia  question  in  the  Annals  of  PliUosophif,  and  they  seem  to  me  to 
be  perfectly  legitimate.  My  readers  would  judge  veiy  erroneously 
if  they  were  to  conclude  that  I  adopt  or  admit  aH  the  views  given  ' 
in  the  ditfereut  papers  published  m  the  Arinah  of  PltUosophf. 
The  authors  alone  are  responsible  for  the  opinions  which  they 
give.  If  a  paper  possesses  ingenuity,  plausibihty,  or  novelty, 
andif  itmay  have  a  tendency  to  excite  others  to  useful  researches, 
I  never  hesitate  to  insert  it,  though  it  should  be  contrary  to  all 
my  own  preconceived  opinions. — T. 

VIl,  Geographical  Position  ofModeiia. 
In  the  year  1808  Baron  von  Zach  made  a  set  of  observations 
to  determine  the  latitude  and  longitude  of  the  Lower  Guirlandina, 
in  Modena.     He  obtained  the  foflowing  results  : 

Latitude  N 44°  38'   55-9" 

Longitude  E.  from  Ferro 28     34     59-2 

He  found  the  position  of  the  Lower  Asinelli  as  follows  : 

Latitude , 44°  29'  45-1" 

Longitude 29       0      9-2 


1 

I 
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It  is  curious  that  the  position  of  this  city,  one  of  the  chief 
towns  in  Italy,  the  seat  of  a  sovereign  prince,  of  an  Italiao 
society,  of  several  celebrated  astronomers,  and  a  well-known 
astronomical  instrument  maker^  was  never  determined  till  a 
German  astronomer  took  tlie  trouble  to  determine  the  point  aft 
late  as  the  yearl808.— (CorreBpondenceAstronomique,i.p.403.> 
VIII.  Cadmium. 

Dr.  Clarke,  Professor  of  Mineralogy  at  Cambridge,  has  disco- 
Tered  cadmium  in  the  radiated  blende  of  Derbyshire.  Thia 
discovery  has  been  confirmed  by  several  chemists  in  London, 
who  have  detected  it  likewise  in  other  ores  of  zinc.  A  detailed 
account  of  Dr.  Clarke's  experinnents  will  be  ^ven  in  a  future 
number. 

IX.  On  fattening  Pigs.    By  Mr.  J.  Murray. 

It  \e  stated  in  an  EugUsh  paper  that  a  pig  belonging  to  Mr. 
Fisher,  of  Scrooby  Inn,  gained,  by  feeding  on  Indian  com,  in 
the  course  of  six  weeks  and  three  dnjfs,  the  enormous  weight  of 
Jif'teen  stone. 

The  pigs  in  the  vicinity  of  Naples  are  bo  fat  as  to  be  able  to 
move  only  with  difficulty  ;  and  1  was  curious  to  learn  in  what 
manner  this  desideratum  was  obtained.  I  was  informed  that  the 
pigs  were  always  fed  in  the  first  instance  with  Indian  com,  and 
then  generally  permitted  to  shift  for  themselves.  The  method 
adopted  by  the  Neapolitans  to  ascertain  when  the  animal  is  ripe 
for  the  knife,  is  as  esl^raordinaryas  it  is  cruel.  An  iron  probe  ia 
plunged  into  the  side  of  the  animal,  and  when  the  point  touches 
the  musculo  fibre,  it  in  indicated  by  the  expression  of  piuii. 
The  above  fact  \n  here  corroborated,  and  the  agriculturist  mxj 
advantageously  avail  himself  of  the  discovery, 

X.   Varnish  for  Wood.     By  Mr.  J.  Murray. 

In  vol.  xi.  pp.  119  and  371  of  the  Annah  of  Philosophy,  Mr. 
Gill  has  aSbrded  some  excellent  remarks  on  the  French  vamiah 
for  cabinet  work,  &.c. 

The  cabinet  work  at  Rome  seemed  to  me  truly  beautiful.  I 
was  informed  by  the  workmen  that  in  order  to  produce  the 
effect,  olive  oil  was  first  used,  and  a  solution  of  gum  arable  in 
boiling  alcohol  afterwards  applied  to  the  surface. 
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Arttcle  X. 

Magnttical  and  Meteorological  Obietvatiom. 
By  Col.  Beaufoy,  F.R.S. 

Bushey  Heath,  near  Stanmore, 
LWllnde  5l«  31'  44-27"  Nurth.    Longitnae  Wot  in  time  I'  SO-OS". 


Magttetical  Observations,  1820.  —  Variation  West. 


Morninc  Otam. 

Noun  ObierT. 

Enninc  Obterr. 

Month. 

How. 

VirlBliop. 

Hoar. 

VariBlioa. 

Hoor. 

VaTiatioB. 

JuD.  1 

8h  45' 

W  35'    S? 

!>■  S5' 

84"  37'    19' 

1 

S 

8    45 

84    S3    55 

1     SO 

94    38    90 

a 

6     50 

S4    33     57 

I     30 

84    36     17 

i 

8    45 

S4    34    S4 

I     85 

84    37     08 

J 

i 

8     ib 

S4    33    36 

1     16 

24    38    04 

a 

8     45 

S4    S6    14 

1     15 

84    39    88 

1 

8 

1     15 
1     15 

94    S9    98 
94    4Q    37 

g 

8    45 

S4    41     30 

9 

8    45 

S4    30    01 

1     30 

84    39    48 

1 

10 

8     45 

34    34    39 

1     30 

94    38    OS 

I 

11 

8    45 

S4    34    40 

1     SO 

84    38    49 

■g 

IS 

8     45 

a*    S4    33 

1     S5 

84    38    39 

IS 

8    45 

84    Sa    59 

1     SO 

21    37    02 

14 

8    45 

84    S3    06 

1     15 

24    35     56 

B 

15 

8    50 

84    S3     07 

1      15 

24    36    20 

t 

JH 

8     50 

84    38    SO 

1     85 

84    43    81 

17 

8     50 

84    30    58 

1     30 

84    36    01 

18 

8     50 

84    34     10 

i     SO 

S4    38     14 

19 

8     50 

84     S5     38 

1     25 

24     39     10 

~ 

SO 

8     50 

24    U    07 

1     15 

24     37     48 

«l 

8     4S 

21    34    BS 

1     35 

34    35     56 

"s 

S8 

8     50 

24    35    69 

1     85 

24    39    34 

«S 

8     60 

84     33     30 

1     SO 

24    37     58 

8     50 

25 
SB 

1     15 

1     «0 

24    39     06 
84    37     i3 

8     50 

24    32    45 

^ 

S7 

8     50 

84    31     .36 

1     85 

24    37     13 

«8 

8     50 

24    34    21 

1     30 

24    sa    13 

2 

89 

8    50 

84    96    01 

1     S5 

84    37     34 

t 

1     15 
1    30 

24    37     S3 
84    38     18 

31 

8     50 

94    33     16 

I 

Mmd  r<ir 
Hoalli. 

}'» 

84    34    06 

1     SS 

84     S7     54 

In  taking  the  mean,  the  morning  observation  of  the  8th 
and  the  noon  observation  of  the  16th  are  omitted,  being  unu- 
■ually  great,  for  which  there  was  no  apparent  cause. 
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Meteorological  Observations. 

MoBlb. 

Time. 

.„.. 

Ther. 

Hyg. 

Wind. 

Velocity. 

Weallifr. 
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~ 
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1 
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21 

17 
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Morn.;;; 
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24 

11 
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Cloudy 

|*'i 

« 
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34 

8S 
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Rain 

36 
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Murn.... 
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S9 

83 

NW 

Snow 
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3. 
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30 
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Clear 

so 
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34 

■wsw 

F'inr 

n 

*\ 
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30 

11 
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Fine 

SO' 
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21 
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Very  flne 

so 

5' 

Noon.... 
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28 

81 
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31 
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83 
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84 

fl 
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37 

H 
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Fine 

S7 

Even  . . . . 

30 
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T 

Noon.... 
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31 

61 

E" 

Very  fine 

SIj, 

Eveo .... 
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30-O5S 

85 

13 

NE 
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ss 

8 
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30-053 

87 

65 
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Cloudy 
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Evfn .... 
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23 

81 

NE 
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19 

» 
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Even 
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28 

63 

NE 

Fine 

m 

- 

39-936 

19 

su 
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85 

68 
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I 
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f 

Morn... 
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85 

85 
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F  S3 

n\ 
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se-ssB 

30 

80 
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=,,«., 

S2t 

t 
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85 

78 

E 

Cloudy 
Soow 

(  ^^ 
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Noon... 

89-600 

83 

7« 

ENE 

S4J 

Even... 

Morn... 

S9-654 

17 

79 

NNW 

Fine 

\  '" 

13 

Noon... 

S9-B30 

80 

10 

N 

SnuvT 

SS 

Even... 

Morn... 

£9-719 

88 

11 

ENE 

Snow 

?IH 

14 

Noon... 

S9'688 

85 

65 

ENE 

8» 

Evf  n  . . . 

Morn... 

S9-343 

13 

74 
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Clear 
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■' 
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Even... 

89-243 

19 

68 

W 

Very  fine 

88 

Morn... 
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88 

n 
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a9-a3T 

S8 

69 
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Clear 
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88 

90 

SW 
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IT 
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33 

85 

SSW 

'334 

Even . . . 

Horn... 

28-905 

87 

84 

ENE 

Snow 

85 

IS 

Noon... 

«-883 

SB 

83 

ENE 

Snow 

4t 

Even... 

- 
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M>Dth. 

Timr. 

BBron. 

Thcr. 

Htb- 

Wind. 

Velacily. 

Weathtr. 
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Jan. 
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wi 
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44 

76 
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4i 
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as 

78 

NW 
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40 
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33 

80 
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34 
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SS 

oa 
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«1. 
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as 

TT 

SbyE 

Snow 

34 
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E« 

67 

NETyK 
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12 
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i9 

66 
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Clear 

30 
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S9-e09 

S8 

71 

SHW 

Cloody 

i  ** 

ts 
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35 

73 

Si» 

Flu,' 

38 

Et|!B      .. 
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59-Sa4 

35 

T7 

s 

aoady 

i  ^' 

« 

Niran.... 

S9«00 

8* 

8SW 

tt^ia^ 

48 

Evi-D.... 
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9S 

Shy  E 

Fog 

(  38 

« 
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4S 

«6 

SSE 

(Uin 

."f 
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Muto.... 

S9  ei9 . 

43 

94 

W 

Rata 

(S8 

» 
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4S 

SS 

■wsw 

Rain 

48 

Etrii.... 

' 

Main.... 

89144 

91 

SW  by  W 

Very  ■» 

i** 

«' 

Nairn. . . . 

89100 

49 

n 

SWbr  W 

rinf 

50 

e™.... 

Mora.... 

891 15 

48 

87 

N 

rlovdy 

(  ^^ 

mi 

Noon.... 

sg-su5 

43 

77 

HNW 

Cloudy 

43 

Even.... 

Mom.... 

80-716 

31 

70 

Nliy  W 

Cluud)- 

f  36 

»■ 

Noon.... 

saioi 

43 

B7 

V... 

Fine 

4I> 

ETfn.... 



,       T 

Morn.... 

99600 

97 

8W 

Fog,  i^M 

J36J 

JO 

Nnon.... 

so-sas 

43 

OB 

wsw 

Fo| 

44 

Eten.... 

Morn... 

S9-M4 

40 

87 

8SW 

Fine 

^39 

iJ 

Ron 

89-539 

44 

7t 

JSW 

a^. 

44i 

I 

E«B.... 

~ 

~ 

~ 

_- 

'Kain,  by  the  pluviometer,  between  kooB  the  lot  of  iamiaiy 
•■d  noon  tlie  let  of  Fvbniary,  ^02  isch.  Evaporation,  ^riog 
Am  eaine  period,  0*36  iach. 
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BaHQXETEH.       TnEBMOHETER. 

Hver     nl 

18H).     '   Wind. 

Ma«.    Min.      Max, 

Min. 

Eva  p. 

Rain. 

9  a-'ro. 

.lit  Mo. 

.-tfM.    IN     W 
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15 

86 

2S      W 
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29 

— 

75 
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IS 

92 

i 

s    w 
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26 

14 

92 

5 

N     W 
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29 

17 

98 

•6 

w 
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35 

27 

98 

? 

E 
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33 
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81 
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N      E 
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so 
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72 

> 

9 

N       E 
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32 
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7i 
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N       E 

30-53  30  1 1 

29 

21 

— 

76 

11 

S      W 
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34 

25 

— 
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J2 

E 
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37 

8 

— 

85 

13 

N     W 
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29 

17 

— 

85 

14 

E 
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2+ 

0 

73 

Id 

N       E 
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29 

2 

71 

• 

16 

N     W 
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32 

18 

87 

17 
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29-8029-55 

37 

27 

98 

1« 

N      "E 

29-55}29  95 

47 

38 

1-15 

99 

19 

s    w 

29692895 

48 

27 

96 

2U 

N    W 

2970,29-23 

37 

24 

77 

SI 

Var. 
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38 

20 

— 

77 

.      92 

N 

30-25  30-16 

32 

13 

70 

c 

S3 

S      W 

30-212999 

3P 

31 

76 

Si 
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29-99|29-94 

45 

38 

41 

38 

79 

■  5i 

S'      E 

29  9 1 29-53 

47 

39 

13 
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26 

s    w 

29-70|39-55 

50 

44 

07 
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5? 

s    w 

29-70  S9-60 

52 

40 

83 

28 

Var. 

30-282964 

45 

37 

100 

S9 

N     W 

30-2S30'22 
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37 

— 

94 

30 

s    w 
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40 
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0 

3 
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48 

30 

30 

IC 

82 
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52 
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REMARKS. 

First  Month, — 1.  Hoar  frost:  cloady.  S.  Much  rim  on  the  trees:  raiobdwr 
thaw  :  rainy.  3,  Fair :  Cirroattnulut :  some  sdow  Ibis  roorning.  4.  Hoar  ffost : 
foggy.  5.  Very  dense  fog,  mixed  with  the  smoke  of  the  city,  a.m.:  piach  rime 
on  the  trees,  and  hoar  frost  permanent.  6.  Hoar  frost  and  fog,  a.  m. :  misty  even- 
log:  slight  thaw.  7.  Clear  and  very  cold :  a  little  snow  about  11,  p.  ra.  8.  Fine 
clear  rooming:  barometer,  SO'62  in.  at  nine,  a.m.:  some  snow  in  the  evening. 
0.  Barometer,  30*81  in.  at  nine,  a.  ro.':  some  snow  in  the  forenoon  at  temp.  86o. 
II.  Snow  last  night  and  this  morning  to  about  an  inch  depth.  12,  IS.  Snowy. 
At  Tottenham  the  snow  was  observed  to  fall  in  very  regular  stellar  crystalit,  and 
the  feathered  tribes  appeared  to  suffer  greatly  from  cold  and  hunger.  14.  A  bril* 
,  Itant  aurora  borealU  between  1 1  and  12,  p.  m.  from  N  W  to  N.  16.  The  tMpeia- 
-ture  at  •un•H^i^e  was,  by  the  thermometer  at  Tottenham,  aboot  half  a  degreebelow 
aero.  The  thermometer  at  the  laboratory,  and  another  at  Bromley,  within  a  short 
distance,  indicated  %ero  as  the  minimum.  The  observation  at  2**  relates  to  the  ituu 
perature  At  nine,  a.  m. :  at  10,  it  was  S*;  at  II,  fio ;  at  12,  ?<> ;  at  hal^past  two^ 
p.  m.  18^  I  at  six,  2P ;  at  half-past  seven,  25^.  During  this  time  the  barometer 
fell  two-tenths  o^ao  inch  :  the  sky  was  overcast.  16.  Very  fine  day.  .  Tempers* 
ture  at  nine,  a.m.  19^;  atll,  20®;  at  two,  p.  m.  24^^;  atfive,.210{  at  nine,25<». 
IT.  Foggy  morning :  gentle  thaw,  followed  by  frost  at  night.  18.  Snow  from  half- 
past  four*  a.  m.  to  the  depth  of  about  two  inches:  thaw  began  about  10,  a.m. : 
night  rainy  and  boisterous.  19.  Snow  nearly  gone  this  morning:  the  river  fall  of 
floating  ice  of  great  thickness.  20.  Froze  again  about  four,  a.  m.  The  river  mi^eli 
swollen,  and  an  immense  quantity  of  drift  Ice:  about  six,  p.m.  began  a  heavy  felt 
of  snow,  carried  by  a  wind  from  £  and  S£:  about  four  inches  in  depth  fell.  ' 
21.  A  gentle  thaw:  wind  gone  down:  snowy,  p.  m.  and  sharp  frost  at  night:  the 
liverstill  blocked  up  with  ice :  snow,  p.  m,  followed  hj  lir^t.  22.  The  barometer 
has  risen  0*94  in.  in  the  last  24  hours:  very  tmn  laprtdK*  23.  Hoar  frost :  lunar 
halo  and  corona  at  night.  25.  Very  stonny  night.. '  tK  A  complete  overflowing 
of  the  river:  the  marshes  form  one  continuous  sheet  dNmler*  2T.  Fine  morning  t 
wet  evening.    28 — SO.  Cloudy.    SI.  CtrroctimiiiMi; 


RESULTS. 

Winds:  N,  1 1  NE,5|  £,S;  S£,l;  SW,  II  j  W,  1 1  NW,7|  Tar.2. 

Barometer:  Mean  height 

For  the  month ,, 29-99S  inches 

For  the  lunar  period,  ending  the  7th 29*810 

For  14  days,  ending  the  6th  (moon  north) 29*740 

For  IS  days,  ending  the  19th  (moon  south) 30*066 

Thermometer:  Mean  height 

For  the  month k.... 30*50^ 

For  the  lunar  period,  ending  as  above •  •  . . .  31*94  . 

For  SO  days,  the  sun  in  Aquarius 26*91  jl 

Hy|;roraeter :    Mean  for.  the  month  . •• • 86  . 

Evaporation 0*71  inchr 

Rain •••... 1«8S 

taboTMiory,  Stratford^  Setond  Uwth^  21, 1820.  L.  HOWARD. 
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Article  I. 
Biographical  Account  of  M.  Wemer,  fate  Professor  of  Mitu 


Abraham  GOTtBB  WERNERwas  bom  on  Sept. 25, 1750, 
at  Wehran  am  Quieaa,  in  Upper  Lusatia.  Endowed  by  natur^ 
withimusu^  quickness  ofimaetatanding,  and  with  the  power  of 
extensive  observation,  he  was  also  gifted  with  a  happy  faculty  of 
arrangement,  a  lively  imagination,  and  a  retentive  memory.  In 
conformity  to  the  wish  of  his  father,  who  had  become  the  factor 
of  a  Count  Solmischen  Eisenhammer,  Werner  devoted  himself 
from  early  youth  to  the  same  occupation.  He  received  the 
rudiments  of  his  education  at  the  school  of  the  Orphan  Hospital 
at  Buntzlau  in  Silesia,  and  was  afterwards  placed  at  the  Academy 
of  Freiberg  ;  and  from  the  last  mentioned  place  he  went  to  study 
at  Leipzig.  Here,  and  during  hia  whole  life,  Werner  struggled 
lo  acquire  scientific  information ;  and  while  he  gained  for  him- 
Belf  reputation  for  his  proficiency  in  general  literature  and  the 


languages,  he  continued  severe  in  judging  of  himself,  and  lenient 
and  indulgent  towards  others,  mild,  affectionate,  and  generous ; 


'      (V«fin 


was  a  true  patriot,  and  a  citizen  of  the  world  in  the  most 
lurable  sense  of  the  word. 

was  at  Leipzig,  in  the  year  1774,  that  Werner,  alreadyraore 
(Ktltinguished  for  his  study  of  natural  history  than  fur  that  of  the 
law,  laid  the  firm  foundation  of  those  opinions  relative  to  orycto- 

•  Translalcd  from  "  A  Triliulo  lo  the  Memorj  of  Werper,  by  Charles  Cteiar 
Rilter  Von  Leonhard,"  read  befure  ihe  B.oja.1  Academy  of  SL-icocCB  ■!  Mbaleh, 
Ocl,  S&,  IBI7,  and  published  Inrnl.  iiiii.  of  Scbnip^gLT'i  Jauraal. 

Vol.  XV.  N"  IV,  Q 
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gnosy,  of  which  he  was  the  contriver.  He  supplied,  instead  of 
the  confused  mass  of  which  this  species  of  knowledge  had 
hitherto  consisted,  those  compendious  descriptions,  delivered  in 
happily  chosen,  expressive,  scientific  language,  which  have 
accomplished  the  difficult  end  of  placing  in  an  intelligible  point 
of  view  the  principles  of  this  science.  The  new  method,  from 
the  comprehensive  nature  of  its  illustrations,  soon  became  exten- 
sively known  and  adopted  ;  and  in  1780,  Werner,  in  the  transla- 
tion of  the  system  of  Cronstedt,  which  he  then  published, 
explained,  in  a  connected  shape,  his  method  of  classification,  and 
his  opinions  in  general,  illustrated,  and  improved,  since  their 
first  origin,  by  many  alterations  and  additions.  He  pubhshed  in 
1791  a  second  account  of  his  doctrines,  after  having,  received 
considerable  additions  to  his  mineralogical  knowledge  from  his 
being  employed  in  drawing  a  catalogue  of  the  collection  of  mine- 
rals formed  by  Mr.  Pabst,  of  Ohain. 

In  the  year  1775,  not  long  after  he  had  commenced  his  career 
as  an  auuior,  Werner  obtained  a  permanent  situation  in  the 
Academy  of  Freibei^,  the  earUest  cradle  of  mineralogical  science 
in  Germany ;  and  destined  to  flourish  with  renewed  ufe  in  conse- 
quence of  nis  labours.  He  was  appointed,  in  addition  to  a  pro^ 
fessorship,  superintendent  of  the  museum,  and  here  his  active 
temper  for  investigation  and  observation  obtained  a  wide  field, 
and  by  his  unrestrained  and  enthusiastic  exertions,  in  spite  of 
much  opposition,  he  raised  in  his  &vour  a  strong  party  feeling, 
and  general  admiration.  The  attempts  to  persecute  Werner,''^ 
and  to  impede  the  introduction  of  his  doctnnes,  had  quite  the 
contrary  effect  to  what  their  authors  intended,  and  contributed 
essentially  to  hasten  the  result  so  favourable  and  so  brilliant  to 
him.  The  boundaries  of  the  science  were  soon  enlarged  by  the 
effects  of  his  favourite  labours  ;  geognosy,  reduced  to  an  intelli- 
gible shape,  a  work  entirely  the  creation  of  Werner,  being  consi- 
dered henceforth  as  a  part  of  the  science.  His  theory  of  the 
periods  in  the  formation  of  mountains,  his  researches  respecting 
rocks,  and  the  nature  of  tlieir  aggregation  into  the  masses  of 
which  the  crust  of  the  earth  is  composed,  his  reflections  upon 
the  internal  structure  of  moimtains,  his  theory  respecting  veins, 
his  doctrine  of  the  formations,  and  of  the  origin  of  the  later 

«  Amonj;  these  may  be  classed  the  labours  of  Veltheim,  Heiuirzeo,  and  others^ 
viz.  Veltheim's  essay,  with  remarks  on  the  old  and  new  nomenclature  of  minerals, 
JFielrostadt,  179S,  a  work  deficient  in  argument;  next  comes  the  attack  which  Mr. 
Chenevix  hazarded  against  his  preceptor,  and  which  does  not  possess  much  merit, 
published  in  the  Annans  de  Chimie,  1S08,  torn.  65,  p.  II,  113  et  225.  The 
reply  to  this  is  contained  in  a  letter  from  D*Aubuisson  to  Berthollet,  Annales 
de  Chimie,  1809,  torn.  09,  p.  155  et  328  f  also  in  Thomson's  observations  in  ansviier 
to  M.  Chenevix'd  attack  upon  Werner's  mineralogical  method.  Annals  of  Philot^ 
ph^y  vol.  i.  p.  245.  Still  less  conclusive  are  the  ofc^etions  of  the  deceased  Estner^ 
entitled  '*  Unbiassed  Thoughts  respecting  Werner's  Improvements  in  Mineralogy.'* 
Vienna,  1790.  Compare  these  with  what  Karsten  has  said  on  the  opposite  side^ 
entitled  '*  Upon  Wel'ner's  Improvements  in  Mineralogy,  occasioned  by  tb«  Abba 
KstAer'sunbiawcd  Opinions."    Qcrlia,  1793. 
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traps  and  volcanoes,  will  convey  the  name  of  Werner  to  the 
latest  ^^08teT^ty.  Geogaoay,  as  he  formed  it,  may  be  considered 
the  philosophy  of  mineralogy,  the  fairest,  and  most  perfect  half 
of  the  philosophy  of  unorganised  nature.  Every  question  which 
is  started  on  this  subject,  all  objects  connected  with  the  struc- 
ture of  the  earth,  and  which  relate  tu  the  masses  of  which  it  is 
composed,  are  an  appropriate  exercise  for  an  enlightened  mind. 
Leibnitz,  Descartes,  Bacon,  Burnet,  Laplace,  and  all  illushious 
men  of  ancient  and  modem  times,  have  respected  this  laborious 
species  of  reseajch. 

Werner  laboured  more  by  his  lectures  than  by  his  writings,  for 
he  considered  that  the  numberless  works  on  mineralogical  science, 
which  he  had  consulted,  had  misled  rather  than  instructed  him, 
their  authors  appearing  as  if  certain  that  the  utmost  extent  of 
what  was  known  on  this  subject  was  too  imperfect  for  his  atten- 
tion Science,  however,  has  cause  to  rejoice  that  among  the 
finished  papers  of  Werner,  which  he  bequeathed  at  his  death  to 
the  Academy  of  Freiberg,  many  well-arranged  manuscripts  have 
been  found,  the  publication  of  which  tine  legacy  remains 
anxiously  to  be  hoped  for. 

While  the  science  which  Werner  had  imposed  upon  himself  as 
a  law  continued  on  his  part,  his  doctrines,  so  far  as  they  were 
known,  were  pirated  by  others ;  and  (unchecked  by  the  circum- 
stance of  Werner  continuing  by  frequent  changes  and  improve-  ■ 
ments  to  separate  still  further  his  opinions  from  theirs,)  we  have' 
seen  ourselves  inundated  with  works  relative  to  his  theory,  the 
authors  of  which  did  not  follow  the  ideas  of  their  preceptor, 
however  numerous  and  enlai^ed  they  might  be,  but  permitted 
themselves  to  indulge  in  speculations  of  their  own  with  the  most 
unrestrained  freedom ;  so  that  alon^  with  what  is  useful  of  Wer- 
ner's, 'we  possess  much  of  what  is  foreign  to  him ;  and  as  none 
ofthese  authors  have  followed  W^emer's  doctrines  in  their  entire  and 
original  purity,  none  of  them  possess  great  value,  nor  bear  the 
absolute  marks  of  his  authority ;  while,  on  the  contrary,  he  haa 
opposed  the  opinions  contained  in  many  of  them  by  strwng  aiid 
decided  arguments. 

In  England  and  Italy,  where,  previous  to  the  time  of  Werner, 
mineralogical  researches  had  been  less  ardently  prosecuted  than 
in  Germany,  the  new  doctrines  very  soon  found  advocates. 
Kirwan  adopted  his  method,  as  well  as.many  other  proselytes 
from  the  established  system.  Hawkins,  Mitchell,  and  Weaver, 
formed  part  of  the  new  school,  and  the  latter  published  a  meri- 
torious translation  of  hia  work  upon  the  external  characters  of 
minerals ;  and  lastly,  Prof.  Jameson,  of  Edinburgh,  received 
his  education  at  Frieberg. 

On  the  side  of  Italy,  Napione  extended  the  doctrines  of  his 
master ;  and  in  Denmark,  the  labours  of  Wad  and  Esmark- 
procured  him  approbation  and  followers. 

Brochant   caine  from  France    to   receive   instructions  from 
q2  
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Werner^  and  returned  loaded  with  knowledge  to  his  country; 
tod  whUe  he  attaiaed  the  praise  of  founding  a  njsw  school,  had 
nearly  received  the  punishinent  of  exile  from  his  native  land. 

After  Brochant,  other  advocates  of  the  school  of  Werner  arose 
in  France ;  but  their  services  to  the  cause  will  not  here  detain 
us,  with  the  excepti<Hi  of  d'Aubuisson,  who  was  the  first  who 
communicated  to  the  public  a  just  account  of  several  of  Wemer^i 
doctrines. 

In  order  to  be  as  concise  as  possible  relative  to  the  progress  of 
the  Wemerian  doctrines  in  other  foreign  countries,  F  shall  only 
relate  that  in  Spain  and  America  they  made  progress  in  conse-* 

fuence  of  the  assertions  of  Herrgen  and  Del  Rio ;  and  that  in 
Portugal,  the  disciides  of  this  school  were  headed  by  Andrada ; 
and  the  system  extensively  published  and  adopted. 

Hitherto  in  speaking  of  Werner,  we  have  only  noticed  his 
labours  in  geognosy  and  oryctognosy,  the  sciences  in  which  he 
was  destined  to  render  himself  immortal,  and  have  spoken  of  his 
opinions  on  these  subjects,  through  which,  and  his  researches 
relative  to  the  structure  of  the  globe,  he  so  anxiously  aideavoured 
to  direct  the  attention  of  his  ^llowers  to  the  different  branches 
of  the  science  of  mineralogy. 

The  most  remarkable  incident,  however,  in  the  latei^  yewi  of 
Werner  was  his  journey  to  Paris  in  1802,  occasioned  by  his  zeal 
in  the  cause  of  science,  and  the  wish  to  confer  with  the  natura- 
lists of  the  French  csqpital  most  devoted  to  his  cause.  This 
modest  and  fine  feeling,  learned  man,  although  not  insensible  to 
the  value  of  external  honours,  found  himself  on  this  occasion 
overwhelmed  with  multiplied  proofs  of  the  most  flattering 
distinction,  inspired  by  the  disinterested  knowledge  of  his 
worth.* 

The  cabinet  which  Werner  left  behind  him,t  (the  result  of  a 
life  spent  in  the  laudable  pursuits  attending  the  formation  of  this 
collection,  and  the  sacrifices  which  had  attended  its  formation, 
i^rd  convincing  proofs  of  his  earnest  exertions  in  the  cause  of 
science),  has  a  double  value,  derived  in  the  first  instance  from 
the  great  merit  of  the  individual  who  made  the  collection,  and  in 
the  second,  from  the  scientific  knowledge  displayed  in  the 
arrangement  of  the  whole.    This  valuable  collection  is  now  in 

*  Werner  was  freely  admitted  every  where  at  Paris,  and  coarted  wherever  hit 
fnineralogical  knowledge  coald  be  appreciated.  It  is  related  that  in  the  labora- 
tory of  the  School  of  the  Mines,  when  Descotils  was  occupied  in  an  elaborate 
analysis  of  some  specimens  of  iron  ore,  he  excited  astonishment  by  determining 
their  standard  and  chemical  constitution  by  a  cursory  examination pf  their  external 
characters,  in  surprising  correspondence  with  the  latest  analyses  of  them  by  the 
chemist. 

+  The  collection  is  divided  into  six  parts ;  viz.  precious  stones,  oryctognosy,  a 
collection  of  show,  one  of  petrefactions,  and  one  illustrative  of  the  external  cha- 
racters of  minerals.  The  collection  of  precious  stones  is  one  of  surprising  value 
and  rarity.  We  have  had  only  a  very  imperfect  account  of  these  collections,  tint 
it  is  to  be  hoped  that  we  shall  soon  be  put  in  posiession  of  as  rnnple  dcftcriptloa  of 
them  by  some  experienced  indiyldsal. 
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the  possession  of  the  Academy  of  Freiberg,  to  whom  Wemsr 
left  it  iQ  the  most  disinterested  manner.* 

Werner  belonged  to  most  of  the  learned  societies  both  of  his 
own  and  of  foreign  countries.  0«r  Koyal  Academy  of  Sciences 
poBseBsed  him  as  a  member  since  the  year  1808.  A  society 
founded  in  Edinburgh  assumed  hia  name  as  an  honourable  dis- 
tinction,+  and  not  long  before  his  death  he  was  constituted 
president  of  a  society  founded  in  his  native  country  for  the 
encouragement  of  that  science,  which  lay  under  such  obligationa 
to  him.% 

Thus  lived  Werner,  and  thus  he  laboured  :  his  sacrifices  on 
account  of  science  made  him  renounce  the  happiness  of  becom- 
ing a  husband,  and  a  father,  although  from  his  amiable  disposi- 
tion. Ids  cheerful  and  serene  temper,  he  seemed  particularly 
tbrmed  for  the  pure  enjoyments  of  domestic  life.  Surrounded 
by  a  numerous  circle  of  his  friends  and  scholars,  previous  to  his 
approaching  dissolution,  he  freely  communicated  the  whole  of 
his  knowledge ;  and  intimately  and  confide nti'allv  laid  open  bis 
whole  mind.  Steadily  true  to  the  fulfilment  of  his  duties,  he 
was  seen  at  the  extremiw  of  old  age  possessed  of  continued 
youthful  vigour,  full  of  the  clearest  views,  and  the  brightest 
conceptions. 

The  estimable  King  of  Saxony,  the  friend  and  patron  of  merit 
in  whatever  situation  it  may  be  found,  distinguished  him  as  a  rare 
example  of  worth.^ 

Posterity  will  form  a  just  and  true  conception  of  his  high 
worth,  and  mankind  will  experience  a  great  loss  in  his  death. 
Werner  did  not  exclusively  belong  to  Saxony  ;  he  was  the  bene- 
factor of  the  world  at  laig;e. 

List  of  Werner's  Writings. 
Werner  pubhshed  at  Leipzig  in  1774  An  Essay  on  the  Exter- 

■  ^n  flfier  or  50,000  dollara  wh;  made  from  ED^Imnd  for  100,000  oFlbrae  sped- 
lorn',  but  (he  patriolic  proprieiar  Irfi  Ihem  far  40,000  dollun  lo  ibe  Academy  of 
Frciberii.  Of  thU  auia  lie  auDii.  30,000  ilDllnrs  in  an  annuil;  for  bimsrlf,  and  bd 
onl;  alsti^ri  neither  of  them  had  any  family;  and  the  remaluder  of  (he  mDDey 
received  fram  the  Acodemj  for  hii  minrrals,  be  left  lo  it  al  Ibe  dealli  of  liiiiMelf 
and  iiit  ilMfr,  He  also  left  his  Eiqiiiiite  collertioa  of  boolu  and  mrdals  to  (be 
Acadnn?  for  5000  dollars.     This  caDlaioed  6000  Greek  and  Komaii  medals. 

f  Tbe  WemErinD  Natural  Hislory  Society.  The  beal  of  Ihis  Society  has  en- 
graiedupoD  il  a  likeneu  of  Werner. 

{  The  MineralDglcal Society  eitabllshed  al  Dresden  in  (he  conrseof  (he  winter 
of  litis  and  I91T.  The  King  nf  Saiony  has  iii  every  way  given  eR(.'uuraj;einent 
and  protection  (o  this  Society ,  nnd  has  framed  ita  parlicular  seal  and  diploma. 

(he  Grand  t^rnss  ef  the  Rujal  Saiuo  Order  of  Merit.  Hii  hirlh  has  of  late  alio 
been  celebrnted  in  public;  and  we  are  allowed  lo  hupe  thai  through  theexerlioiu 
of  the  Prussiiin  Chevalier  C^rard,  ne  shHil  pOMees,  In  a  well  executed  bust  of 
Werner,  by  Pouh  of  Berlin,  a  monumenl  of  him  in  a  durable  shape. 
form  H  calculation  of  what  may  be  ibe  price  of  this  busi,  which  wi 
prime  cnil,  the  number  of  those  oho  wish  to  be  possessed  of  a  cast  is  ■nxiauily 
waited  for,  and  il  Is  bnped  that  the  admirers  of  Werner  will  consider  Ihls  ioiilb- 
tto«  a>  opparlnoe,    Tbc  bust  will  b«  call  st  tbefonndetj  oCO\e\v\ig,\&^IA(!iau 
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pal  Characters  of  Minerals.  This  work  was  translated  into 
French^  and  published  at  Paris  in  1790,  hy  the  translator  of  the 
Memoires  de  Chimie  de  Scheele  (Mlbe.  Picardet). 

In  1780,  he  pubUshed  at  Leipzig  a  Translation  of  Cronstedt'« 
Essay  on  Mineralogy  from  the  Swedish,  with  Notes,  and  an 
Account  of  the  External  Characters  of  Minerals. 

In  1791  and  1792,  he  pubUshed  A  Full  and  Systematic  Cata^ 
logue  of  the  Cabinet  of  Mr.  R.  E.  Pabst,  of  Chain,  which  he 
drew  up,  and  edited  in  two  volumes.  This  is,  to  appearance, 
the  description  of  the  cabinet  of  a  private  individual,  but  its 
contents  prove  that  Werner  took  this  opportunity  to  describe 
how  a  collection  ought  to  be  arranged  and  descnbed.  Pabst, 
of  Chain,  was  an  amateur  naturalist,  who,  from  holding  an  offi- 
cial situation  under  the  Saxon  government,  possessed  opportuni- 
ties of  collecting  the  rarest  and  most  curious  mineral  specimens. 
After  his  death,  his  heirs,  in  1786,  wished  to  give  this  collection 
a  permanent  value,  and  proposed  that  Werner  should  undertake 
its  arrangement  and  description.  In  completing  this  work, 
Werner  followed  the  arrangement  in  use  in  describmg  a  cabinet 
of  natpral  history ;  andes  he  spared  no  pains  in  giving  an  elabo- 
i^  account  of  the  collection,  he  composed  a  work  csdculated  to 
be  of  the  utmost  service  to  science.  The  Journal  des  Mines, 
vol.  ii.  chap.  91,  p.  73,  gives  ^,  copious  summary  of  this  work. 

At  Dresden,  1787,  he  pubUshed  A  short  Classification  ahd 
Description  of  Mountains. 

At  Freiberg,  in  1791,  he  pubUshed  The  New  Theory  of  the 

Formation  of  Veins,  with  Remarks  on  the  Formation  of  Moun- 

, tains,  particularly  those  in 'the  Neighbourhood  of  Freiberg. 

Translated  into  French,  with  notes,  by  D'Aubuisson.      Paris, 

1802. 

In  the  Miner's  Journal,  he  published  An  Essay  on  the  Basaltic 
Formations  of  Scheibenberger  Hijl,  together  with  the  controver- 
sial Correspondence  with  Mr.  Voight  on  this  Subject.  A  History 
of  the  Characters  and  a  Chemical  Investigation  of  Apatite. 
Vorkommendes  Basaltes  auf  Kupper,  vorzugtich  hoher  Deree. 
Remarks  on  Evermain's  Description  of  a  Basaltic  Mountam, 
called  King  Arthur's  Seat,  near  Edinburgh ;  and  its  close  Resem- 
blance to  Scheibenberger  Hill.  Notes  upon  a  Letter  of  Widen- 
inan's, relative tosomeHungarianFossils.  Remarks  on  aLetter  of 
the  Chevalier  Napione  relative  to  the  Tuberg  Iron  Mountain. 
Description  of  the  External  Character  of  Prehnite,  with  some 
Observations  upon  the  Name  which  it  has  received,  and  addi<- 
tiohal  Remarks  upon  the  System  of  naming  Objects  in  Natural 
History  from  Individuals.  Description  of  the  External  Charac- 
ters 01  Kyanite,  Description  of  the  External  Characters  of 
Olivin,  Chrysolite,  Beryl,  and  Chrysoberyl,  with  some  additional 
Remarks  on  the  Gradations  of  the  First.  Remarks  on  the  Traps 
of  Sweden,  with  some  Observations  on  the  Origin  and  Applica- 
i^ipn  of  this  T&pok,  and  what  may  prob^ibly  be  its  future  Tate^ 
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and  a  short  Attempt  to  determine  the  precise  Species  of  Moun. 
tains  to  which  it  may  in  future  be  applied. 

In  Hoepfner's  Helvetic  Magazine  of  Natural  History,  he  pub- 
lished An  Attempt  to  explain  the  Origin  of  Volcanoes  from  the 
Inflammation  of  large  Eeds  of  Coal,  and  the  Connexion  of  this 
Circumstance  with  the  Formation  of  Basalt. 

In  Von  Crell's  Chemical  Annala,  On  the  Buzzen-Wacten  of 
Joachimstal.     1789.   Band  1,  8,  131. 

In  the  Magazine  of  Medicine  and  Natural  Histoiy,  A  Descrip- 
tion of  a  new  Ore  of  Silver  (Arsenical  Silver).  A  Letter  from 
Leslie  relative  to  a  singular  Specimen  of  Crystallized  Gypsum 
fotuul  in  an  old  Fortification. 


Observations  on   the   Barometer,    Thermometer,   and  Rain,    mt 
Manchester,  from  1794  to  1818  inclusive.*     By  John  Dalton. 

I.  Of  the  Barometer. 

In  a  long  series  of  observations  it  is  scarcely  to  be  expected 
that  the  same  instruments  can  be  used  throughout.  Accident* 
are  occurring  which  either  derange  or  destroy  them.  It  is 
expedient,  therefore,  to  notice  such  occurrences ;  as  it  seldom 
happens  that  instruments,  particulariy  barometers,  are  replaced 
or  renovated  in  tike  circumstances  as  before  ;  and  if  this  is  not 
the  case,  they  must  necessarily  mislead  in  comparison. 

During  the  first  period  of  five  years,  I  had  a  barometer  con- 
sisting ofastraight  tube  of  theusual  length,  and  between  one  and 
two-tenths  of  an  inch  internal  diameter ;  it  was  carefully  filled 
vrith  dry  mercury,  and  inverted  into  a  cylindrical  cup  containing 
mercury ;  the  diameter  of  the  cup  was  such  as  to  require 
scarcely  any  sensible  allowance  for  the  rise  and  fall  of  the  mer- 
cury in  the  tube.  It  sufiered  no  material  change,  as  mjw  be 
inferred  indeed  fiom  the  annual  means,  till  near  the  end  of  the 
period.  During  my  absence  in  August,  1798,  if:  had  been 
ID  unskilful  hands ;  a  part  of  the  mercury  had  been  lost  out  of 
the  cup,  and  probably  a  few  atoms  of  air  nad  got  into  the  tube. 
Not  being  at  that  time  particularly  interested  in  meteorology,  I 
contented  myself  with  noting  the  daily  observations  as  usual, 
without  summing  up  the  monthly  means,  or  making  any  compa- 
rative observations.  The  consequence  was,  that  some  years 
elapsed  before  I  was  struck  with  the  depression  that  had  taken 
"'-  "IS  in  the  mercury,  which,  upon  examination,  appears  to  hav? 
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\^pa  aboudt  two-teQths  of  an  inch.  It  was  Qot  till  after  aDotber 
pisriod  of  five  years  that  I  4etenuined  to  i^enew  iiie  barcHQeter. 
A  tnbo  V93  tiMLen  of  about  one-seventh  of  an  inch  ii^temal 
^ian^ter,  haying  a  l^ge  bulb  at  the  lowier  e:^eauty ;  this  was 
piled  with  mercuiy  tibat  had  a  few  minutes  before  been  boiled  in 
order  to  expel  the  air  and  moistin^^  more  eflSectually.  This  w^9 
foipid  to  stand  neadv  two-tenths  of  an  inch  hi||;ner  than  the 
previous  one^  and  a  few  hundredths  higher  than  it  stood  ^t  on- 
gir^y ;  owing  in  part  at  least  to  the  elevation  or  bjBight  of  the 
bajrometer,  above  the  level  of  the  sea,  being  10  or  12  feet  mora 
in  the  first  period  fhan  in  the  latter.  In  order  to  allow  for  th^ 
rise  and  fall  of  the  mercury  in  the  bulb,  the  scale  of  four  inches 
was  made  only  3*98  inches,  and  subdivided  into  tenths  as  usual. 
The  observations  throughout  the  whole  series  were  taken  three 
times  each  day;  namely,  at  8  a.  m.  and  at  1  and  11  p.  m.  The 
new  or  last  mentioned  barometer  has  been  used  for  the  last  15 
years,  commencing  with  January,  1804 ;  and  it  may  be  right  to 
observe,  that  for  the  three  last  months  of  1798  it  was  used,  but' 
^e  reducticm  was  apj^ied  to  the  laaonthly  mean^,  in  order  to 
inake  the  observations  of  the  whole  year  uAiform.  As  the  adhe- 
sion of  the  mercury  to  the  tube  is  more  or  less  observable  in 
great  variations,  I  make  it  a  practice  to  give  one  or  two  gentle 
vibrations  to  the  mercury  prior  to  any  observation,  whiph  I  think 
is  more  accurate  than  using  a  wider  tube  without  such  vibrations. 

The  elevation  of  my  barometer  above  the  level  of  the  sea  is 
pearly  180  feet ;  it  is  about  100  feet  above  the*  level  of  the  Duke 
of  Qndgewater's  canal,  and  that  is  nearly  80  feet  above  the  sea. 
This  elevation  is  rather  greater  than  would  be  deduced  from  the 
observations  of  the  baropieter  &r  tlie  last  period  of  15  years,  iq 
which  the  annual  average  height  of  the  instrument  is. about 
29*91.  On  the  supposition  that  the  average  height  of  the  baro- 
meter on  a  level  with  the  sea  is  30  inches,  my  barometer  would 
be  inferred  to  be  about  90  feet  abpve  the  sea ;  but  I  conceive 
the  real  average  height  of  the  barometer  on  a  level  with  the  sea 
has  never  been  accurately  determined.  Possibly  there  may  be 
some  difference  in  the  specific  gravity  of  the  mercury  useq  for 
this  instrument. 

During  so  long  a  period  of  years,  there  must  /have  occurred 
interruptions  to  the  observations,  but  I  never  delegated  any 

Eerson  to  supply  for  me  ;  these  interruptions,  however,  scarcely 
appened,  except  in  the  month  of  July,  when  they  have  been 
very  frequent  for  half  of  the  month.  These  blanks,  however,  have 
been  filled  up  pardy  from  the  observations  of  Mr.  Thomas  Haup 
son,  of  this  town,  who  has  kept  a  meteorological  journal  with 
great  attention  fpr  several  years,  and  partiy  irom  the  observa- 
tions of  tb^  Royal  Society  and  other  authentic  sources,  due 
allowance  being  always  made  for  the  difference  in  the  absolute 
heights  of  the  two  b^on^eters. 
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In  the  above  table,  the  means  for  each  year  are  placed  on  the 
right,  and  the  means  for  each  month  of  the  year  at  the  bottom ; 
by  which  we  are  enabled  to  judge  whether  any  particular  seasoa 
or-juonth  of  the  year  is  more  liable  than  another,  to  have  au 
accumulation  or  deficiency  of  the  atmosphere.  It  is  evidently 
only  from  a  long  series  oi'  years  that  we  are  entitled  to  draw  any 
conclusions  of  this  kind. 

From  an  inspection  of  the  above  table,  it  is  obvious  that  the 
barometer  appears  to  be  higher  in  the  summer  than  in  the 
winter  months;  but  this  must  arise  in  part  at  least  from  the 
expansion  of  mercury  by  heat ;  a  correction,  tlierefore,  is  neces- 
aary  on  that  account;  and  the  following  table  of  temperature  for 
each  month  in  the  year,  with  the  known  expansion  of  mercury, 
enables  us  to  apply  the  proper  correction.  The  correction  being 
applied  accordingly,  we  have  the  subjoined  corrected  heights 
for  each  month.  On  lookinf^  over  this  corrected  column,  wo 
Still  perceive  the  mercuiy  higher  in  the  summer  months  than  in 
the  winter.  The  heights  for  March,  April,  May,  June,  July, 
August,  and  September,  are  all  at  or  above  the  mean ;  and  Jime 
iq  particular  possesses  a  marked  superiority  of  one-te,«sAv  q?  «\s. 
above  the  mean.     The  heights  of  JainiaT^,^e'btM'a,TN,^*i\a- 
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ber,  Noyember,  and  December^  are  all  below  the  mean ;  those 
for  November  and  December  are  nearly  one-tenth  of  an  inch 
below  the  mean. 

These  results  were  quite  new  to  me.  On  looking  over  the 
observations  in  the  fourth  volume  of  the  Memoirs,  however,  I 
found  that  similar  results  had  been  obtained  by  Mr.  Hutchinson, 
from  an  average  of  25  years'  observations  at  Liverpool ;  namely, 
from  1768  to  1792  inclusive  ;.and  this  period  being  entirely  ante- 
rior to  the  one  above,  is  of  course  totally  independent  of  tfny 
fortuitous  events  in  that  period.  Mr.  Hutchinson's  results, 
corrected  for  temperature,  wiU  stand  asunder;  namely, 

Jan.  29-75 ;  Feb.  29-61 :  Miarch,  29-82 ;  April,  .29-79 ;  Mayi 
29-78;  June,  29-79;  Jqly,  29-^8;  Aug.  29-77;  Sept.  29-67; 
Oct.  29-71}  Nov.  29-67;  Dec.  29-68;  Mean,  29-73. 

Here  the  months  March,  April,  May,  June,  July,  and  August, 
are  all  above  the  mean,  and  the  repaaining  six  months  are  all 
below  it,  except  January. 

Wishing  to  have  further  corroboration  of  the  fact,  I  had 
recourse  to  the  register  kept  by  order  of  the  President  and 
Council  of  the  Royal  Society,  and  collected  the  whole  series  of 
observations  of  the  barometer  for  38  years.  I  found  the  results, 
corrected  for  temperature,  as  under ;  namely, 

Jan.  29-87;  Feb.  29-86;  March,  29-93;  April,  29-85;  May, 
29-88;  June,  29-93;  July,  29-87;  Aug.  29-91;  Sept.  29-88; 
Oct.  29-84 ;  Nov.  29-82  ;  Dec.  29-84  ;  Mean,  29-87. 

Here  again  the  months  March,  May,  June,  July,  August,  and 
September,  are  all  at  or  above  the  mean ;  and  January,  February, 
April,  October,  November,  and  December,  aie  all  at  or  below 
the  mean.* 

By  comparing  all  these  together,  it  would  seem  to  be  esta- 
blished as  a  fact,  that  from  March  to  September,  the  weight  of 
the  atmosphere  is  greater  than  from  September  to  March  in  tkis 
part  of  the  world.  This  cannot  be  ascribed  to  the  account  of 
rain ;  for  the  summer  period  contains  wet  months  as  well  as  dry; 
and  in  the  London  averages,  the  month  of  April  is  in  the  low 
period,  though  the  driest  in  the  year.  It  cannot  be  ascribed  to 
temperature ;  for  the  month  of  November  is  warmer  than  March; 
yet  this  last  is  in  the  high  period  by  all  the  tables,  and  the 
former  in  the  low  period.  Nothing  appears  to  me  indicative  of 
the  periods  but  the  declination  of  the  sun ;  it  seems  that  when 

*  I  cannot  refrain  from  the  renicirk  that  some  of  the  annual  tables  of  the  Hoyal 
SocietVs  meteoTolofiy ^  exhibit  marks  of  extreme  carelessness.  In  the  table  for 
1815, 1  found  four  out  of  the  twelve  monthly  means  of  the  barometer  greatly  erro- 
neous: namely,  January,  April,  May,  and  October.  The  monthly  means  for 
August,  1807,  and  September,  1808,  are  also  greatly  wrong.  These  errors  were 
detected  by  a  comparison  with  my  results  for  the  same  months;  as  I  found  the 
results  nt  both  places  irreconcileable  according  to  the  known  laws  of  baroaietry. 
As  the  aboye  work,  sanctioned  by  such  authority,  will  naturally  be  regarded  as  a 
nat'ioaal  standard  in  meteorology,  it  is  greatly  to  be  desired  that  the  whole  of  tbt 
tables  were  revised  and  corrected. 
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the  sun  is  nortli  of  the  equator,  the  weight  of  the  atmosphere 
increases  in  these  parts,  and  again  diminishes  wlien  south  of  the 
equator. 

The  meana  by  which  Uie  effect  ia  produced,  I  conceive,  are 
these :  the  sun's  action  is  constantly  increasing  the  mass  of 
aqueous  vapour  in  the  atmosphere  during  the  period  fi-om  the 
vernal  to  the  autumnal  equinox ;  that  is,  the  whole  mass  of 
vapour  existing  in  the  atmosphere  is  daily  increasing,  notwith- 
standing the  quantity  precipitated.  This  fact  is  verified  by  the 
constant  rise  of  the  vapour  point  till  the  month  of  September, 
after  which  it  commonly  dechnes  pretty  rapidly.  Now  it  n 
obvious  that  the  addition  of  steam  or  aqueous  vapour  to  the 
atmosphere  must  add  to  the  weight  of  the  atmosphere  ;  and  thii 
is,  I  imagine,  the  cause  of  the  increase  of  its  weight  in  that 
season. 

I  am  aware  that  another  conclusion,  the  veiy  opposite  to  this, 
may  be  deduced  from  the  premises.  Aqueous  vapour,  it  may 
be  said,  is  specifically  lighter  than  dry  air;  and,  on  that  account, 
the  greater  the  quantity  of  aqueous  vapour,  the  less  is  the 
weight  in  any  given  volume  of  air  of  given  elasticity.  But  it 
must  be  remembered  that  the  aqueous  vapour  at  the  most  con- 
stitutes but  ^th  part  of  the  atmosphere,  and  any  excess  of  this 
which  may  prevail  in  any  one  place,  cannot  be  supposed  power- 
fiil  enough  to  move  the  rest  of  the  atmosphere  towards  any  other 
place,  where  the  vapour  is  deficient.  Now  we  have  no  reason  to 
believe  that  much  intercourse  takes  place  between  the  atmo- 
spheres of  the  northern  and  southern  hemispheres.  The  great 
and  unceasing  currents  of  air  are  between  the  equator  and  the 
polar  regions ;  Ijut  that  any  targe  volumes  of  air  cross  the  equa- 
tor from  one  hemisphere  to  the  other,  does  not  appear  from  any 
phenomena  we  are  acquainted,  with.  And  if  the  air  does  not 
cross  the  equator,  the  vapour  cannot,  being  so  intimately  blended 
with  the  air.  Thus,  although  there  may  he  a  constant  pressure 
or  tendency  of  the  atmosphere  in  the  northern  hemisphere  to 
invade  that  of  the  southern  during  our  summer,  and  vice  versa  in 
winter ;  yet  I  conceive  it  never  can  be  so  effectual  as  to  restore 
a  perfect  equilibrium  during  the  season,  but  will  leave  an  excess 
of  aqueous  vapour  in  our  hemisphere,  unbalanced  either  by  air 
or  vapour  of  the  opposite  hemisphere. 

II.  Of  the  Thermometer. 
My  thfiTnometer  is  situated  out  of  a  window  on  the  second 
floor,  about  16  feet  above  the  ground,  and  about  six  inches  from 
the  wall ;  it  has  an  eastern  aspect,  and  open,  airy  situation,  is 
not  affected  by  the  sun,  escept  in  a  summer's  morning,  and  it  is 
then  duly  shaded  to  prevent  the  sun's  influence.  The  observa- 
tions are  taken  tliree  times  a  day,  as  with  the  barometer,  at 
fi  in  the  morning,  and  at  1  and  II  in  the  afternoon.  I  have 
some  reason  to  think  the  observations  give  a  mean  Xsw^tt^-Me, 
rather  below  than  above  the  true  mean.    T\\e  Icm'^&'ceXvite.  o^ 
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S rings  in  this  place  is  usually  between  48^  and  60^ ;  probaUy, 
e  mean  annual  temperature  may  be  nearly  49^.  The  general 
annual  mean,  as  determined  by  my  thermometer,  is  between  47^ 
and  48^.  The  monthly  means  for  July  I  have  had  usuallv  to 
borrow  from  Mr.  Hanson's  obseryations,  or  from  those  of  otnen 
at  some  distance,  as  for  the  barometer. 

MeanMdght  of  the  Thermometer  at  Manchester. 


Vrs. 

Jan. 

Feb. 

Mar. 

April 

May 

Jane 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 
36-8* 

Mean 

17M. 

3r7« 

4e'3o 

42-4 

49«7* 

49'5o 

59-9« 

68*0o 

59-50 

54*lo 

47.70 

41*0^ 

48*0^ 

1795. 

24-3 

31-4 

37-8 

44-9 

46-0 

55*0 

61-0 

610 

6(H) 

51-9 

38-7 

43-0 

46*4 

1796. 

44-0 

37-6 

41-4 

52-7 

520 

56-9 

57-5 

61  0 

60-3 

47*9 

480 

51*3 

48*7 

1797. 

40-6 

41-3 

41*4 

47-2 

540 

57-7 

61-0 

600 

55*7 

48*4 

48*5 

41-0 

49*2 

1798. 

404 

30-4 

42*0 

52-9 

57-7 

64-5 

61*0. 

61-0 

53*0 

46*7 

39*8 

34-4 

49*4 

1799. 

34-6 

36-2 

37-3 

40-4 

47-0 

55*2 

57-0 

550 

53-5 

45-2 

40-4 

33*5 

44*6 

180a 

36-5 

36'6 

38-8 

47-3 

51-8 

531 

58-8 

60-7 

55-4 

47*1 

401 

37*3 

46*9 

1801. 

39-3 

39*4 

420 

46-5 

M-9 

56-3 

58-0 

62-1 

56-0 

49-8 

39*6 

34*6 

47*9 

I80S. 

341 

381. 

41*0 

47-2 

521 

55-2 

553 

61-3 

57-0 

491 

43*5 

38-9 

47-4 

1803. 

351 

88-8 

42-7 

47^4 

49-5 

55-6 

61-7 

68-7 

51*7 

47*9 

30-9 

37-8 

47*2 

1804. 

430 

37*1 

40-3 

430 

54-4 

58*6 

67-0 

57-4 

57*3 

50*7 

43*6 

36-() 

48*2 

1805. 

34-3 

38-9 

436 

461 

51-2 

56-0 

61-0 

62-0 

57*8 

46*1 

40-7 

37*6 

480 

1806. 

381 

38-8 

40H) 

43-7 

52-2 

58*1 

59-0 

58-9 

54-5 

49-6 

43*8 

4Hr 

47*5 

1807. 

36-3 

381 

36-8 

46*5 

53-4 

561 

61  <2 

621 

50-1 

51-7 

37*0 

850 

47*0 

1808. 

36-2 

370 

37-6 

42*5 

57-2 

57-7  . 

640 

611 

550 

44*3 

48-5 

36*8 

47r6 

1809. 

340 

420 

42*6 

41-7 

55*2 

56-8  • 

A7-5 

57-5 

53-3 

501 

40-0 

38*7 

47*3 

1810. 

35-0 

37-5 

405 

47*1 

48-2 

57-9 

58-8 

58-8 

56*8 

48-6 

41*5 

38-5 

47-4 

1811. 

34-2 

39-6 

45*4 

48-6 

55*0 

57-8 

59*5 

58*7 

67-1 

53*4 

461 

36-4 

49-3 

1812. 

36-9 

41-3 

38-2 

42-6 

52-7 

56*8 

56*0 

58-8 

57*1 

490 

40*9 

35*5 

47*1 

1813. 

35*1 

42*4 

44-7 

47-2 

54*6 

58*5 

60*0 

58-9 

55-5 

47-4 

39-1 

36*7 

48*3 

1814. 

26-5 

34-5 

37-3 

501 

49-5 

55*1 

580 

58*6 

55-1 

45*8 

38*0 

35-9 

45-4 

1815. 

29-2   . 

39  3 

40-9 

45-6 

510 

54-7 

54-0 

56-9 

54*2 

51*0 

40*5 

.36-5 

4&2 

1816. 

37-2 

36-7 

400 

45-6 

51-1 

56*6 

57  0 

58-8 

55-2 

51-7 

39-6 

37*5 

47*2 

1817. 

39-8 

43-6 

42-6 

47-2 

49-2 

59-5 

67-5 

57-4 

57-7 

463 

48-5 

34*0 

48*5 

1818. 

38-8 
35-8 

36-6 

38-0 

440 

53-6 

61*4 

660 

59-8 

56-8 

540 

490 
41*5 

38-7 
36-9 
43*0 

49-7 

Mean 

38-5 

40-6 

46*3 

580 

57  2 

69-4 

594 

556 

48*8 
540 

47*7 

Max. 

44-0 

43-6 

45-4 

52-9 

67-7 

64-5 

660 

62*1 

60*9 

490 

Min. 

24-3 

31-4 

36-8 

40-4 

46-0 

53-1    I54'0 

550 

50*1 

44-3 

37*0 

31*3 

III.  Of  Rain. 

In  the  6th  volume  of  the  Memoirs,  Part  II,  published  in  1802, 
I  have  given  an  account  of  the  depth  of  rain  which  fell  in 
Manchester  during  the  eight  preceding  years,  with  the  average 
monthly  and  annual  means.  Having  now  a  further  series  of 
observations  for  17  successive  years,  it  may  be  proper  to  give  a 
detail  of  these  last,  and  to  incorporate  them  with  tne  former  so 
jts  to  obtain  a  general  average  for  the  whole  period  of  25  years. 

The  rain-guage  has  been  all  the  time  situate  in  a  garden  00 
ihe  S.E.  side  of  Manchester ;  it  is  20  yards  distant  from  any 
house  or  elevated  object  that  can  influence  the  fall  of  the  rain, 
The  gauge  is  a  funnel  of  10  inches  diameter,  and  the  top  is 
surrounded  by  a  perpendicular  rim  of  three  inches  high  to  pre- 
vent any  loss  by  the  spray  ;  it  is  fixed  in  a  proper  frame  with  a 
i>ottle  for  the  water,  and  it  stands  above  two  feet  above  ground. 
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Now,  by  blending  these  17  years  with  the  8  years  before 
referred  to,  we  obtain  the  mean  monthly  averages  for  25  years, 
as  under ;  namely. 

Inches. 

January ^ 2*258 

February 2-507 

March 2-112 

April ;..  1-915 

May 2-698 

June. 2-206 

July. 3-400 

August 3-307 

September -. 2-984 

October 3-734 

November 3-378 

December 3*369 

Total .33-868 


I  think  there  is  reason  to  believe  that  if  we  had  the  averages 
for  a  century,  they  would  not  be  materially  different  from  these, 
either  in  regard  to  the  relative  monthly  quantities,  or  to  the 
annual  quantity. 

It  may  be  proper,  however,  to  observe,  that  the  late  Mr. 
George  Walker,  of  Salford,  gives  an  account  of  the  rain  at 
Manchester,  for  the  nine  years  immediately  preceding  the  above 
period  of  25  years,  in  the  Memoirs,  vol.  iv.  p.  585.  His  obser- 
vations have  been  incorporated  with  mine  so  as  to  extend  the 
period  from  a  quarter  to  a  third  of  a  century ;  but  I  prefer  having 
his  results  separate,  for  the  following  reasons.  On  a  comparison 
of  our  results  for  eight  subsequent  years,  I  found  his  average 
exceeded  mine  by  about  four  inches  m  the  year.  (See  Memoirs, 
vol.  V.  p.  668.)  On  inspecting  his  gauge;  1  had  reason  to  think 
his  moae  of  measuring  the  rain  was  not  susceptible  of  sufficient 
accuracy,  and  suggested  the  same  to  him,  with  which  he  seemed 
to  acquiesce.  Besides  this,  the  year  1792  (one  of  the  eight)  was 
a  most  remarkable  one,  in  the  north  of  England  particuJarly. 
The  annual  depth  exceeded  the  average  amazingly  ;  and  it  was 
occasioned  by  an  excess  in  two  or  three  of  the  months  chiefly. 
The  rain  at  Kendal  that  year  was  nearlj-  85  inches ;  and  it  was 
nearly  the  same  at  Keswick.  April  produced  10  inches,  Sep- 
tember 11  inches,  and  December  12  inches.  Mr.  Walker's  rain 
in  Manchester  that  year  was  55.|.  inches,  which  is  far  above  the 
average ;  and  nearty  one  half  of  this  great  quantity  fell  in  three 
months ;  namely.  May,  September,  and  December.  The  year 
1789  was  also  imusually  wet.  These  facts  influence  the  annual 
and  monthly  averages  of  Mr.  Walker  materially,  independently 
of  any  supposed  error  in  the  actual  measurement. 

1 


5820.] 


Mr.  Dalton  on  Meteorology. 


Averages  of  Mr.  G, 


f  Mr.  G.    Walker's    Account  of  Rain   in   Salford 

(^Manchester) Jrom  1786  to  1793  tiicludve. 


January 2'47    , 

Febru^ 2-73   , 

March 2-05   , 

April 2-30 

May 3-51    , 

June 3-30 

July "..  4-62   , 

August 4'78   . 

September 4-21    , 

October 4'61 

November.... 3-30 

December 5-28 


Incorponilci)  nllh  mine. 


Total. 


.  43-08 


..  3-922 
..  3-360 
. .  3-832 

36-140 


Whether  we  consider  the  averages  as  deduced  from  Mr. 
Walker's  observations,  or  from  my  own,  or  from  the  two  united, 
the  conclusion  is  equally  obvious ;  namely,  that  the  first  six 
months  of  the  year  must  be  coneidered  as  dri/  months,  and  the 
last  six  months  of  the  year  as  wet  months  -  also,  that  April  is 
the  driest  month  in  the  year,  and  that  the  sixth  after,  or  October, 
is  the  wettest,  or  that  in  which  the  most  rain  falls,  in  a  long 
continued  series  of  years,  in  the  immediate  neighbourhood  of 
Manchester. 

It  would  he  interesting  to  inquire  how  far  these  conclusions 
apply  to  Great  Britain  in  general,  or  to  Europe  at  large,  or  still 
more  generally  to  the  northern  temiperate  zone. 

In  the  4tli  vol.  of  the  Society's  Memoirs,  pi  376,  is  given  an 
abstract  or  summary  of  Mr,  Hutchinson's  account  of  rain  at 
Liverpool  for  18  successive  years  ;  namely,  from  1775  to  1792 
inclusive.  The  annual  average  is  34-4  inches.  Every  one  of 
the  first  six  months  yielded  less  rain  (on  the  average)  than  any 
one  of  the  last  six  months  of  the  year.  March  was  the  driest, 
and  October  the  wettest  month  in  the  year. 

In  the  same  volume,  p.  580,  there  are  given  the  results  of  16 
years'  observations  of  the  rain  at  Dumlries,  by  Mr.  Copland, 
namely,  from  1777  to  1793.  The  annual  average  was  37  inches. 
The  driest  month  is  April,  and  next  to  it  March ;  the  wettest  is 
September,  and  ne.it  to  it  October;  and  each  of  the  first  six 
months  of  the  year  is  drier  than  any  one  of  the  last  six. 

At  Chatsworth,  Derbyshire,  from  the  same  volume,  p.  68fl, 
et  seq.  I  deduce  the  following  averages  for  16  years  (1777  to 
1792  inclusive),  as  per  table. 

Here  again  we  see  that  March  iu  the  driest,  October  the 
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"wettest,  and  all  the  former  six  months  drier  than  any  one  of  the 
latter. 

By  combming  the  10  years'  observations  of  th.  Campbell,  of 
Lancaster  (Memoirs,  iv.  p.  364  and  591),  we  obtain  similar 
results  nearly.  March  is  the  driest,  and  Aucost  the  wettest 
month  at  Lancaster.  But  10  years  is  too  snort  a  period  to 
obtain  true  means.   I  have  the  ram  at  T^ancasier  for  a  subsequent 

Jeriod  of  10  years  (1802 — 1811),  furnished  me  fey  toy  friend 
ohn  Ford,  jun.  Esq.  of  E31el ;  which  likewise  gives  March  for 
the  driest,  biit  October  for  the  wettest  month  of  the  year. 

In  the  Annales  de  Chimie  et  de  Physique  (vol.  viii.  1818), 
there  is  an  account  of  rain  at  Viviers,  lat.  44°  2y  Jf .  long.  2®  2^ 
E.  of  Paris,  by  M.  Flaugerges.  The  mdnihiy  means  for  40 
years''  observations  (from  1777  to  1818)  are  stated,  ^om  which 
it  appears  that  February  is  the  driest  month  in  the  year,  and 
October  the  wettest.  The  annual  average  is  34  inches  (French). 
The  year  1801  was  the  wettest  in  that  period,  yielding  48  inches 
(French),  and  1779  was  the  driest,  yielding  20  incbes  7  lines. 
Viviers,  which  is  in  the  S.E.  of  France,  has,  however,  some 
essential  differences  from  Great  Britain  in  reffard  to  rain.  Tkere 
the  months  of  Jnfy  and  AtigoBt  are  iUnong&edfieBt;  fbeonly 
months  distinguished  for  heavy  rain  are  September^  October, 
and  November ;  while  April  and  May  yield  each  moref  than  the 
monthly  average. 

I  have  collected  the  Royal  Society's  account  of  rain  at  Lot^ 
don  for  28  years,  ending  in  1806,  and  find  the  averages  to  stand 
as  under ;  also*  those  of  Luke  Howard,  Esq.  for  a  subsequent 
period  of  12  years,  ending  with  1818,  made  in  the  -vicinity  of 
London.    These  united  are  as  per  table. 

The  fall  of  rain  at  Kendal  for  five  years  (1788-^1792)  was 
published  in  my  Meteorology ;  since  that  time  the  accomit  has 
Deen  continuea  by  my  brother  for  18  years,  with  which  he  has 
favoured  me ;  I  have  obtained  also  two  years  further  from  good 
authority,  making  in  all  25  years'  rain.  The  monthly  ayera^ 
1  have  deduced  as  per  table. 

I  deduced  the  average  rain  at  Paris  from  observations 
pubhshed  in  the  Journal  de  Physique  for  the  last  15  years,  as 
peiC  table. 

The  average  rain  at  Glasgow  for  17  years  (1801 — 1818)  was 
deduced  from  a  paper  in  me  Annah  of  Philosophy,  vol.  xii. 
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Mean  Monthljf  and  Annua/  Qiianfilies  of  Rain  at  various  Plata, 
being  the  Averages  for  mantf  Years, 
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Ohsei-vallons  on  the  Theory  of  Rain. 

Every  one  must  have  noticed  an  obvious  connexion  betveeii' 
heat  and  the  vapour  in  the  atmosphere.  Heat  promotes  evapo- 
ration, and  contributes  to  retain  the  vapour  when  in  the  atmo- 
sphere, and  cold  precipitates  or  condenses  the  vapour.  But 
these  facta  do  not  explain  the  phenomenon  of  rain,  which  is  as 
frequently  attended  with  an  increase  as  with  a  diminution  of  tbe 
temperature  of  the  atmosphere. 

Tne  late  Dr.  Hutton,  of  Edinburgh,  was,  I  conceive,  the  fir^t 
person  who  published  a  coirect  notion  of  the  cause  of  raiti. 
<See  Hdin.  Trans,  vol.  i.  and  ii.  and  Hutton's  Dissertations,  &o^i 
Without  deciding  whether  vapour  be  simply  expanded  by  heaL 
and  diffused  through  the  atmosphere,  or  chemically  combined  ^ 
with  it,  he  maintained  from  tlie  phenomena  that  the  quantity  ol'  | 
vapour  capable  of  entering  into  the  air  increases  in  a  greater; 
ratio  than  the  temperature ;  and  hence  he  fairly  infers,  thut 
whenever  two  volumes  of  air  of  different  temperatures  are  mixed 
together,  each  being  previously  saturated  with  vapour,  a  pft-fjci- 
pitation  of  a  portion  of  vapour  must  ensue,  in  consequenc^e  of 
the  vienn  temperature  not  being  able  to  support  tiie  vicok  q^uan- 
tity  of  vapour. 

This  explanation  may  be  well  illustrated  by  contemplating  &. 
curve,  convex  towards  its  axis,  in  which  case  the  ordinate;* 
increai^e  in  a  greater  ratio  than  the  abscisHa;.  The  abscissea 
represent  temperature,  and  the  ordinates  the  quantity  of  steam 
which  the  corresponding  temperatures  are  capable  of  retaining. 

In   1793   1  published  my    Meteorological  Obseiratioiis 
Vol..  XV.  H'  IV.  R 
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Essays,  a  few  years  after  this  theory  of  rain  had  been  made 
known  ;  as  far  as  I  was  then  acquainted  with  it  from  otie  of  fiie 
Reviews,  it  appeared  the  most  plausible  of  any  I  had  seen ;  but 
on  looking  at  my  remarks,  it  is  evident  I  had  not  been  made 
acquainted  with  its  distinguishing  feature,  and  that  on  which  its 
excellence  depends ;  namely,  a  higher  solvent potoer  (if  it  may  be 
so  called)  in  the  air,  than  what  is  {)roportionate  to  the  increase 
of  temperature  ;  and  that  the  precipitation  of  vapour  in  the  form 
of  clouds  and  rain  is*  occasioned  not  by  mere  cold,  but  a  mixture 
of  comparatively  warm  and  cold  air. 

At  the  time  of  my  publication  of  the  Essay  on  Rain,  8cc.  I  had 
a  strong  bias  to  the  opinion,  that  the  steam  or  vapour  in  the 
atmosphere  exists  in  a  state  of  combination  with  heat,  biit  with- 
out any  chemical  union  with  the  elements  of  the  a;tmo8phere ; 
only  it  is  subject  to  be  wafted  along  mechanically  by  the  ^reaat 
bodfy  of  the  atmosphere  in  its  ordinary  currents.  This  opinion 
was  founded  and  supported  on  the  authority  of  the  late  M.  Saes- 
sure  in  part ;  he  having  determined  by  direct  experiment  that  a 
cubic  foot  of  dr^  air  of  the  temperature  of  66°  would  imbibe  12 

f  rains  of  water  tor  its  saturation.  Now,  from  experiments  on  the 
oiling  of  water  in  vacuo,  I  was  persuaded  that  this  quantity  of 
vapour  was  nearly  what  would  fill  a  cubic  foot  of  empty  space,  in 
the  temperature  of  66° ;  and,  by  analogy,  I  concluded  that  the 
quantity  of  steam  necessary  to  saturate  any  given  volume  of  air 
at  any  temperature  was  the  same  that  would  be  requisite  to  fill 
an  equal  void  space  at  the  same  temperature.  This  reasoning 
was  of  course  hypothetical  at  that  time,  and  unsupported  by  any 
direct  experiment. 

In  1801  a  series  of  essays  of  mine  were  read  before  the 
Society,  and  subsequently  published  in  the  fifth  volume  of 
Memoirs;  one  object  of  experimental  inquiry  was,  whether 
steam  of  any  kind  was  the  same  in  quantity  in  air  and  in  a 
vacuum,  all  other  circumstances  being  the  same.  The  result  was 
decidedly  for  the  aflSrmative. 

Another  object  was  to  ascertain  the  true  force  of  steam  in  all 
atmospheric  temperatures.  This  was  clearly  proved  to  be  pro- 
gressively increasing  with  the  temperature,  as  Dr.  Hutton  bad 
rightly  conjectured.  Indeed  with  a  slight  modification  of  the 
thermometrical  scale,  the  temperature  is  an  arithmetical  mogreB- 
sion,  and  the  force  of  steam  a  geometrical  one.  Hence  the  curve 
showing  the  force  of  steam  is  what  mathematicians  call  the 
logaritnmic,  one  remarkably  convex  to  its  axis. 

The  cause  of  rain,  therefore,  is  now,  I  consider,  no  longer  an 
object  of  doubt.  If  two  masses  of  air  of  unequal  temperatures, 
by  the  ordinary  currents  of  the  winds,  are  intermixed,  when 
saturated  with  vapour,  a  precipitation  ensues.  If  the  masses  are 
under  saturation,  then  less  precipitation  takes  place,  or  none  at 
all,  according  to  the  degree.  Also  the  warmer  the  air,  the 
greater  is  the  quantity  of  vapour  precipitated  in  like  circum- 
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stances,  as  is  evident  to  any  one,  on  inspecting  the  logavithmic 
curve,  or  on  considering  that  the  increments  of  a  geometrical 
progressioQ,  are  in  proportion  to  the  terms.  Hence  the  reason 
why  rains  are  Iieavier  in  summer  than  winter,  and  in  warm  coun- 
tries than  in  cold. 

We  may  now  inquire  into  the  cause  why  less  rain  falls  in  the 
first  six  months  of  the  year  than  in  the  last  six  months.  The 
whole  quantity  of  water  in  the  atmosphere  in  January  is  usually 
about  three  inches,  as  appears  from  the  dew  point,  wnich  is  then 
about  32°.  Now  the  force  of  vapour  at  that  temperature  is  0-2 
of  an  inch  of  mercury,  which  is  equal  to  2'tj  or  three  inches  of 
water.  The  dew  point  in  July  is  usually  about  58°  or  59°,  cor- 
responding to  O'O  of  an  inch  of  mercury,  which  is  equal  to  seven 
incnes  of  water ;  the  difference  is  four  inches  of  water,  which 
the  atmosphere  then  contains  more  tlian  in  the  former  month. 
Hence,  supposing  the  usu^d  intermixture  of  currents  of  air  ia 
both  the  intervening  periods  to  be  the  same,  the  rain  ought  to  be 
four  inches  less  in  the  formerperiodofthe  year  than  the  average, 
and  four  inehes  more  in  the  latter  period,  making  a  difference 
of  eight  inches  between  the  two  periods,  which  nearly  accords 
with  the  preceding  observations. 

In  the  preceding  estimations  of  the  whole  quantity  of  water 
in  the  incumbent  atmosphere  of  any  place,  I  take  for  granted 
that  an  atmosphere  of  steam  is  blended  with  the  general  atmo- 
sphere throughout,  in  the  same  vertical  column,  and  subject  to 
the  common  law  of  rarefaction  in  ascending.  This  is  a  view  of 
the  aqueous  atmosphere,  which  no_  one  seems  to  have  enter- 
tiuned  but  myself.  1  have  been  making  experiments  almost 
amiiiaUy  on  the  subject  since  1802,  on  the  mountains  in  the 
nortli  oi  England,  and  particularly  on  Heivellyn,  These  experi- 
ments have  been  materially  facilitated  of  late  years  by  masses  of 
enow,  which  have  been  found  near  the  summit,  in  the  month  of 
July ;  but  it  has  often  happened  that  the  cold  springs  of  water, 
near  tha  summit  have  been  adequate.  By  one  or  other  of  these, 
ttie  dew-point  of  the  air  may  be  found  at  any  required  elevation 
on  the  mountain,  and  the  law  by  which  it  is  regulated  in  the 
ascentmay  be  investigated.  On  some  future  occasion,  I  intend 
to  draw  up  a  memoir  on  this  subject.  In  the  mean  time  I  may 
observe,  that  all  the  phenomena  concur  in  exhibiting  the  same 
variationofdensityjnthe  aqueous  vapouratmosphere  in  its  present 
mised  fctate,  as  would  no  doubt  be  observed  iu  an  atmosphere  of 
pure  steam  of  equal  density. 
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Article  III. 

ExperimetUsfor  a  new  Theory  of  Vision,    By  Dr.  Joseph  Reade. 

*      (To  Dr.  Thomson.) 

SIR,  Cork,  Dee.  1^1819. 

Perhaps  no  subject  in  natural  philosophy  has  more  engaged 
the  attention  of  the  learned,  nor  claimed  more  interest,  than  uiat 
concerning  the  proper  seat  of  vision.  For  200  years  the  retinal 
theory  has  been  maintained,  and  its  difficulties,  if  not  absturdities, 
softened  down  by  the  learned  ingenuity  of  mathematicians  and 
metaphysicians,  well  aware  that  to  overturn  a  theory  so  univer- 
sally adopted,  and  stamped  with  the  seal  of  antiquity,  requires  a 
number  of  well  regulated  experiments  and  legitimate  deductions, 
I  now  commit  my  endeavours  to  the  candour  of  the  intelligent 
reader. 

Experiment  1. — Having  often  remarked,  when  examining  the 
eyes  of  patients,  that  surrounding  objects,  such  as  a  lifted 
candle,  &c.  were  painted  on  the  transparent  cornea  in  a  beauti- 
ful and  minute  manner,  as  on  the  face  of  a  convex  speculum, 
it  occurred  to  me  that  the  mind  might  receive  impressions  or 
ideas  from  those  erect  images  ;  and  I  was  the  more  desirous  of 
bringing  this  interesting  suggestion  to  the  test  of  experiment  in 
consequence  of  the  many  difficulties  attached  to  the  present 
system  of  vision.  I  now  pasted  two  narrow  strips  of  blacK  cloth 
in  the  shape  of  the  letter  f,  and  about  three  inches  in  length,  on 
one  of  the  upper  panes  of  a  large  and  well  lighted  window.  I 
then  requestea  a  gentleman  with  a  large  pupil  and  good  sight  to 
seat  himself  about  four  or  five  feet  from  the  letter,  and  to  fix  his 
eyes  steadily  on  it.  Looking  into  his  pupil  I  perceived  the  letter 
T  to  be  minutely  yet  distincUy  painted  by  reflection.  I  tfeen  took 
a  plano-convex  lens  in  my  right  hand,  such  as  school  boys  use  for 
burning  glasses,  and  held  it  close  to  the  pupil.  On  aguin  looking 
at  the  corneal  image  of  the  letter  T,  I  perceived  it  enlarged,  or 
magnified,  in  all  its  dimensions,  and  the  spectator  said  he  also 
perceived  it  niuch  larger  than  with  the  naked  eye.  On  removing 
the  lens  a  little  further  from  his  eye,  I  perceived  the  letter  on  the 
pupil  not  only  magnified,  but  surrounded  with  colours,  and  the 
spectator  saw  the  letter  large,  confiised,  and  surrounded  with 
colours.  So  far  the  phenomena  of  vision  answered  exactly  to 
the  changes  of  this  corneal  image.  I  next  removed  the  lens 
somewhat  further  from  the  eye ;  and  on  looking  into  it  perceived 
the  letter  T  to  be  inverted,  and  the  spectator  likewise  saw  it 
laverted.  He  now  took  the  lens  in  his  own  hand,  and  placing  it 
at  different  distances  before  his  eye,  I  was  enabled,  by  means  of 
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the  corneal  image,  to  tell  him  what  he  saw.  Having  again 
requested  the  spectator  to  fix  his  eye  on  the  letter,  I  placed  a 
double  concave  lens  before  tlie  pupil,  and  the  letter  was 
immediately  diminished  ;  he  now  said  he  saw  it  very  smali.  Here 
I  shal'  beg  leave  to  remark  that  these  experiments  strike  at  the 
very  first  principles  as  laid  down  for  optical  instruments.  For 
we  find  by  two  simple  and  conclusive  experiments,  that  a  convex 
lens,  instead  of  conver^ng  the  rays,  as  first  maintained  by 
Maurolycus  in  his  treatise  "  De  Lumine  et  Umbra,"  actually 
and  bonafide  diverges  and  magnifies  the  image  in  all  its  dimen- 
sions ;  and,  on  the  other  hand,  tiiat  a  concave  glass  converges 
or  diminishes  the  image.  The  object  of  this  paper  being  merely 
to  draw  the  attfention  of  the  scientific  to  my  opinions  on  optics, 
and  particularly  on  vision,  I  shall  not  at  present  enter  more 
fully  mtothe  theory  of  spectacles,  &c. 

Mxpetiment  2. — H-aving  placed  a  plano-convex  lens  at  such  a 
distance  before  ihe  spectator's  eye,  as  to  form  an  inverted  image 
of  the  letter  T  on  bis  pupil,  1  placed  a  double  concave  lens 
behind  to  represent  an  opera  glass,  or  gallilean  telescope.  The 
inverted  corneal  image  immediately  became  erect,  and  the  spec- 
tator said  he  also  saw  it  erect. 

Jixperiment  3. — The  above  experiments  were  made  at  about 
four  feet  from  the  window ;  I  now  requested  the  spectator  to 
remove  his  chair  to  within  a  foot  of  the  object,  and  on  placing  a 
convet  lens  immediately  before  the  eye,  the  corneal  image  was 
considerably  magnified :  on  slowly  removing  the  lens  nearer  the 
letter,  and  further  from  the  eye,  the  black  corneal  image  began 
to  be  surrounded  with  colours,  but  did  not  become  inverted,  nor 
did  the  spectator  perceive  any  change  of  position":  when  close  to 
the  object,  the  corneal  image  appeared  better  defined  and  more 
distinct.  I  now  placed  a  prism  before  his  eye,  and  desired  him 
to  look  through  the  lower  refracting  angle;  ae  he  was  unaccus- 
tomed to-  the  application  of  this  instrument,  he  could  not  res;ulate 
it  BO  as  to  perceive  the  coloured  image  of  the  letter  T.  I,  there- 
fore, turned  the  prism  until  I  perceived  it  on  the  pupil,  and  then 
told  him  exactly  what  he  saw,  making  a  mirror  of  his  eye.  Let, 
118  now  inquire  what  changes  the  intervention  of  a  plano-convex, 
or  a  concave  glass,  would  make  on  the  letter  T  brought  to  a 
focui  on  the  retina  by  means  ofthe  crystalline  and  other  humours. 
Having  removed  the  fat  and  coats  from  the  back  part  of  an  ox'b 
eye,  as  performed  by  Kepler  and  Scheiner,  and  thus  laid  bare  the 
retina,  1  placed  alighted  candle  in  front.  An  inverted  image 
was  seen  as  if  floating  on  the  retina.  I  now  placed  a  plano- 
convex lens  between  the  candle  and  the  cornea  at  such  a  dis- 
tance as  to  form  an  inverted  image  on  the  pupil.  The  retinal 
image  remained  inverted.  On  now  placing  a  double  concave 
lena  at  a  little  distance  before  the  convex  one,  the  corneal  and 
inverted  image  became  erect,  while  the  retinal  inverted  image 
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was  not  in  the  least  changed  as  to  position.  .  Here  is  a  direct 
experimental  proof  that  even  if  an  inverted  image  were  painted 
on  the  retina,  that  inverted  ima^e,  not  undergoing  any  change 
of  position  by  the  intervention  ot  the  glasses,  could  not  be  the 
ima^e  conveyed  to  the  mind.  To  suppose  for  one  moment  that 
an  mverted  image  on  the  retina  coula  produce  both  the  idea  of 
inversion  and  erection  would  be  adding  another  inconsistency  to 
Kepler's  catalogue.  In  this  experiment  the  changes  of  the 
corneal  image  were  accompanied  by  simultaneous  changes  in 
the  mind ;  therefore,  that,  and  that  alone,  must  have  produced 
the  sensations.  On  placing  a  glass  globe  about  two  inches  diar 
meter,  filled  with  water,  opposite  the  letter  T,  and  then  inter- 
posing a  convex  lens,  the  posterior  inverted  image  was  obliterated; 
the  rays  of  black  light  not  being  sufficiently  strong,  the  same 
thing  took  place  with  a  concave  lens.  Dr.  Priestley,  who  wrote 
a  number  of  metaphysical  works,  gravely  informs  his  readers 
''  that  the  want  of  an  inverted  image  might  produce  the  sensa- 
tion of  an  erect  one."  With  the  highest  respect  for  the  Doctor's 
opinions,  we  might  just  as  readily  believe  that  the  want  of  a 
man's  dinner  would  get  him  a  supper ! 

There  is  no  inverted  Image  ever  painted  on  the  Retina. — 
Having  removed  the  fat  and  coats  from  the  back  part  of  an 
ox's  eye,  and  thus  bared  the  retina  in  imitation  of  Kepler's 
and  Scheiner's  experiments,  I  placed  a  hghted  candle  on  a  table 
in  front ;  and  on  looking  through  the  retina,  my  eyes  being  placed 
beyond  the  principal  focus  of  the  sphere  (or  rather  two  segments 
of  one),  I  certainly  did  j)erceive  a  beautiful  inverted  image  of  the 
<jandle,  as  if  floating  on  the  retina.  So  far  the  experiment 
seemed  to  accord  with  the  retinal-  theory  of  vision ;  for  if  the 
rays  were  refracted  and  converged,  as  represented  by  optical 
writers,  by  means  of  the  cornea,  aqueous  humour,  crystalline 
lens,  and  vitreous  humour,  they  should  cross  nearly  in  the  centre 
of  the  eye,  and  finally  paint  an  inverted  image  on  the  retina. 
However,  on  approaching  my  eye  nearer  to  the  retina,  I  per- 
ceived the  inverted  image  to  become  large,  confused,  and  wnen 
my  eye  was  very  close,  it  opened  into  two  curved  and  inverted 
images,  which  receded  laterally  ;  and  at  a  yet  nearer  approach, 
formed  into  a  circle,  through  tne  centre  of  which  I  perceived  a 
very  distinct  and  erect  image  of  the  candle,  evidently  coming 
from  the  anterior  surface  of  the  eye,  and  perfectly  distinct  from 
the  inverted  one,  considerably  magnified  in  passing  through  the 
humours.  Kepler,  in  placing  his  eye  beyond  the  focus  of  the 
ox's  eye,  which  is  nothing  more  than  a  simple  sphere,  saw  an 
inverted  image,  formed  by  the  junction  of  the  two  images  painted 
on  his  own  cornea,  which  he  mistook  for  one  on  the  retina,  as  a 
person  looking  into  a  concave  mirror  thinks  that  he  sees  an 
inverted  image  in  the  glass.  Here  I  think  it  necessary  to  give 
a  rough  sketch  of  the  passage  of  the  ranys  through  the  eye. 
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particularly  as  my  opinions  are  diametrically  opposite  to  those  of 
all  optical  writers.  A  glass  globe  filled 
with  water,  and  about  two  inches  dia- 
meter, may  serve  those  unacquainted  „'f~ 
with  morbid  dissections,  a  b,  two  ''' — 
rays  of  light  coming  from  the  upper 
and  lower  parts  of  the  candle,  impinge 
OQ  the  transparent  cornea  at  c,  and  paint  an  erect  image.  This 
image  again  transmits  rays,  diverging  as  they  pass  through  the 
sphere  to  g,  where  the  spectator  sees  a  magnified  and  erect 
image.  The  image  at  the  cornea  c  also  sends  rays  forming 
inverted  images,  in  consequence  of  the  rays  crossing  at  d  and  e. 
These  images  take  the  curvature  of  the  globe,  and  uniting  into 
one  inverted  image,  form  what  has  Seen  denominated  the 
principal  refracted  focus  aty.  Now  it  is  evident  that  Kepler,  to 
nave  made  his  experiments  correctly,  should  have  placed  his  eye 
at  g,  and  not  aty.  Indeed  his  eye  should  almost  touch  the 
retina ;  and  then,  as  1  have  already  said,  he  would  have  seen 
an  erect  magnified  image  of  the  candle,  and  not  an  inverted  one, 
surrounded  by  what  optical  writers  denominate  a  circle  of  aber- 
ration. It  is  really  surprising  how  any  person  could  for  a  moment 
believe  that  this  circle  of  aberration  could  produce  vision. 
According  to  the  present  theory  of  vision,  long-sightedness  they 
Bay  is  produced  by  the  image  being  formed  beyond  the  retina, 
short-sightedness  by  aa  image  formed  before  the  retina  in  the 
vitieous  humour — both  physical  impossibilities.  The  rays  of  light 
are  supposed  to  be  converged  in  the  body  of  the  eve.  I  would 
beg  leave  to  put  the  following  question  :  Would  the  crystalline 
lens  when  imbedded  in  the  vitreous  humour  act  in  the  same  man- 
ner as  it  would  in  air?  Certainly  not,  as  the  following  easy 
experiment  may  show.  Take  a  large  basin  of  water,  hold  a 
powerful  glass  lens  in  such  a  position  over  the  water  as  to  form 
an  inverted  image  on  the  side  of  the  basin  and  under  the  water, 
then  immerse  the  entire  lens,  and  at  no  distance  can  a  focus  be 
ever  formed,  the  circular  shadow  with  iis  black  circumference  is 
perceived,  hut  nothing  else,  Now  surely  the  refractive  power 
of  glass,  in  proportion  to  that  of  water,  is  much  greater  than  that 
of  the  crystalline  lens  in  proportion  to  that  of  the  vitreous 
bimiour.  Mr.  Harris,  in  his  Optics,  p.  95,  says,  "It  is  very 
difficult,  I  think,  to  determine  accurately  the  measures  of  theaee 
refractions ;  but,  from  such  experiments  aa  could  be  made,  it; 
has  been  found  that  the  refractive  powers  of  the  aqueous  and 
vitreous  humours  are  each  of  them  much  the  same  with  that  of 
common  water,  and  that  of  the  crystalline  is  a  little  greater : 
that  is,  the  proportion  between  the  sines  of  incidence  and  t-eftac- 
tion  out  of  air  into  the  cornea,  or  aqueous  humour,  is  as  4  to  3, 
out  of  the  aqueous  humour  into  the  ciystalbne  as  13  to  12*;  and 
out  of  the  crystalline  humour  into  the  vitreous  as  12  to  13." 
From  analogy  we  are  authorised  to  conclude,  that  the  crystalline 
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lens  can  never  form  inverted  images  on  the  retina,  and  that  the 
lens  is  placed  in  the  centre  of  the  eye  to  ma^ify  or  diverge  the 
"rays,  and  not  to  invert  the  object.    Moreover,  that  the  crystat 
line  lens  does  not  produce  inverted  images  on  die  retina  is  shown 
by  what  takes  place  when  removed  by  the  operation  of  depres- 
sion or  extraction.     For  if  the  lens  were  so  essentially  necessary 
to  vision^  its  removal  must  cause  blindness.    In,  answer  it  has 
1)een  s^id,  that  after  the  operation^  the  patient  is  obliged  to  use 
convex  glasses,  or  spectacles,  to  supply  the  place  of  the  lens. 
From  many  year^'  practice  in  these  complaints,  I  am  enabled  to 
say,  that  this  is  by  no  means  the  case.     In  young  patients,  the 
use  of  convex  glasses,  although  at  first  of  assistance,  is  ultimately 
tmnecessary,  if  not  injurious,  for  as  the  eye  gains  strength,  they  are 
enabled  to  see  all  objects  at  a  limited  distance  fully  as  well  as 
those  labouring  under  short-sightedness.     Some  tiine  since  I 
removed  a  congenital  cataract  from  the  right  eye  of  Mary  Skil* 
lington,  aged  19.     After  the  operation  she  never  wore  a  glass, 
and  can  now  see  to  thread  a  needle  ;  she  also  sees  perfectly 
-well  at  different  distances  to  the  extent  of  200  feet  and  upwards. 
Miss  Jenkins,  of  Bantry,  writes  and  reads  perfectly  well,  and 
attends  to  the  business  of  her  shop  without  the  use  of  spectacles. 
This  Lady  came  to  Cork  to  consult  a  London  quack,  who  pro- 
fessed to  cure  all  diseases  of  the  eye  that  were  curable :  lucidly 
for  this  patient  she  did  not  come  under  the  denomination.  Indeed 
after  the  operation  in  young  subjects,  I  never  recommend  the 
use  of  a  convex  glass.     In  those  patients  wanting  the  crystalline 
lens,  the  rays  cannot  come  to  a  focus  on  the  retina ;  yet  had 
Kepler  and  Scheiner  removed  the  lens  from  the  ox's  eye,  as  I 
have  repeatedly  done,  they  would  have  found  that  it  made  not 
the  slightest  difference  in  the  inverted  image,  which  they  con- 
ceived to  float  on  the  retina.     Neither  could  the  crystalline  jump 
backwards  and  forwards  to  accommodate  the  eye  to  the  object 
at  different  distances.     Indeed  I  cannot  conceive  the  cause  of 
this  jumping  of  the  lens.     If  the  distance  of  the  object  be  ascer- 
tained, and  consequently  the  object  seen  before  the  lens,  with 
its  thousands  and  tens  of  thousands  of  muscles,  begins  to  jump, 
what  occasion  is  there  for  that  movement?     But  if  the  jump  take 
place  before  the  object  be  seen,  then  the  extent  of  the  jump  cain- 
not  be  ascertained.     Look  before  you  leap  should  be  a  maxim 
with  all  metaphysical  jumpers.    The  fact  is,  that  the  eye  princi- 
jjally  judges  of  different  distances  by  comparing  the  visib^  size 
4of  the  corneal  image  with  the  educated  sense  of  the  tangible 
object,  intervening  objects,  strength  of  colouring,  &c.     On  view- 
ing-a  painting,  the  objects  are  all  equidistant  on  the  canvass; 
vet  we  conceive  them  to  be  at  relative  distances.    The  Supreme 
^eing,  with  an  invisible  hand,  paints  the  images  of  external 
•objects  on  the  corneal  canvass,  and  the  mind  conceives  them  to 
l>e  at  relative  distances  oh  the  same  principle.     The  following 
easy  experiments  may  also  show  that  the  rays  diverge  in  passing 
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through  a  sphere,  or  convex  glass.  Take  a  cylindrical  tumbler, 
flil  it  with  clear  water,  and  hold  it  in  theleft  hand  opposite  awindow. 
Hold  a  black  slate  pencil,  or  any  other  slender  body,  about  three 
inches  in  length  behind  this  glass  vessel;  when  close,  one  magni- 
fied image  is  seen,  but  on  gently  withdrawing  the  pencil  to  a 
greater  distance,  this  image  becomes  more  magnified,  and  at  a 
certain  distance,  two  images,  fully  aa  well  defined,  are  seen  at 
each  side  of  the  tumbler ;  on  continuing  to  withdraw  the  pencil 
two  everted  images  are  seen  to  gUde  with  a  considerable 
degree  of  curvature  towards  the  posterior  surface  of  the  tumbler 
and  at  last  coalesce  into  one  image,  which  obliterates  the 
anterior  one,  or  that  formed  at  the  anterior  surface.  This  corro- 
borates the  inferences  drawn  from  the  former  experiment.  When 
the  object  is  near  the  posterior  surface  of  the  tumhler,  the  eye 
receives  ihe  rays  considei-ably  diverged  or  magnified  ;  when  the 
object  is  at  some  distance  from  the  posterior  surface,  the  eye 
receives  the  rays  from  the  coalesced  image  formed  from  the  two 
lateral  images.  Fmm  this  experiment  there  can  be  no  doubt 
whatsoever  that  the  eye  receives  rays  from  two  distinct  and 
separate  images ;  and  also  that  the  mind  receives  impressions 
£Y)m  a  glass  globe  or  convex  lens  in  nearly  a  similar  manner. 
Should  a  doubt  yet  remain,  the  following  experiment  may  be 
made  :  Place  a  red  wafer  under  one  of  the  planes  of  a  triangular 
glass  prism,  resting  on  a  slieet  of  white  paper;  we  immediately 
cee  two  everted  images  of  the  wafer  formed  in  each  lateral  plane, 

as  thus  represented    ^^^  •    Tlie  wafer  a  sends  rays  or  images 

to  b  and  e.  As  the  prism  has  plane  sides,  the  two  imagcR  can 
never  come  to  a  focqs  at  any  distance  ;  but  if  we  round  off  the 
angle,  they  immediately  unite,  and  form  an  oblong  image  of  the 

wafer,  as  thus  represented  /"^^  • 

From  these  experiments,  and  many  others  hereafter  to  be 
related,  in  the  second  vohmie  of  the  Experimental  Outlines,  not 
a  doubt  remained  on  my  mind  that  reflected  erect,  and  not 
inverted  images,  gave  mental  impressions  of  a  visible  world. 
Surely  if  any  thing  can  increase  our  admiration  of  the  power  and 
wisdom  of  a  Supreme  Being,  it  is  the  conviction  that  a  beautiful 
and  ever  varying  landscape  is  painted  in  miniature  on  the  trans- 
parent cornea.  When  we  consider  that  the  black  choroid  shines 
through  the  retina,  we  should  admit  that  it  is  very  unfit  to  be 
the  reflecting  mirror  of  the  mind.  To  bring  this  to  the  test  of 
experiment,  1  turned  out  the  aqueous,  vitreous,  and  crystallifle 
bumour  oftheeyeof  an  ox;  on  bringing  the  inverted  image  of  ifae 
black  letter  T  pasted  on  the  window  to  float  on  the  retina,  by 
means  of  a  convex  lens,  I  fonnd  that  it  was  perfectly  invisible ;  in 
some  places  confused ;  indistinct  in  all.  Indeed  the  retina,  were 
it  free  from  this  and  many  other  objections,  and  also  free  from 


1 
I 


1 


266  Dr,  Readers  Experitnentsfor  [Apmii^ 

the  large  blood-vessels  and  nerve  running  over  its  surface,  from  its 
being  of  a  grey  colour,  like  pounded  glass  or  animal  jelly,  would  bf 
very  unfit,  and  could  never  form  an  ima^e  of  a  grey  object,  pei^ 
fectly  similar  to  itself,  neither  could  objects  the  colour  of  the 
choroid  coat  ever  be  seen.    We  might  as  well  think  of  writing 
with  black  ink  on  a  sheet  of  black  paper,  as  attempt  the  form^^ 
tion  of  dark  jmages  on  a  dark  ground.    On  the  other  hand,  how 
admirably  fitted  both  for  reflection  and  transmission  is  the  cornea, 
both  sufficiently  transparent  and  sufficiently  opaque;  no  coloured 
substance  could  answer  the  purpose.    It  has  hitherto  been  the 
received  opinion,  that  the  two  optic  axes,  concurring  at  the 
object,  make  an  angle,  according  to  the  size  of  which  the  object 
appears  large  or  small ;  but  this  opinion,  whose  inconsistency 
has  been  already  pointied  out  by  Bishop  Berkeley,  must  yield  to 
the  more  rational  theory,  that  the  mind  takes  the  apparent  mag- 
nitude and  distance  from  the  size  of  the  corneal  image,  and  not 
from  lines  and  angles  beyond  the  nervous  influence,  or  from 
invisible  rays,  all  rays  being  invisible,  which  are  transparent  until 
intercepted  and  reflected.    '*  In  vain  (says  Berkeley)  shall  all 
the  mathematicians  in  the  world  tell  me  tnat  I  perceive  certain 
lines  and  angles  which  introduce  into  my  mind  the  various  ideas 
of  distance,  so  long  as  I  myself  am  conscious  of  no  such  thing." 
Indeed  we  might  as  well  believe  in  ghosts  and  hobgoblins  as 
believe  that  we  could  see  an  object,  or  the  image  of  an  object 
beyond  the  nerves  ;  that  is,  beyond  the  transparent  cornea.  Here 
is   the  rubicon,  the  utmost  limit  beyond  which  the  mind  can 
never  travel.     Surrounding  objects  are  brought  to  the  eye  by 
means  of  the  rays  of  light :  hence  the  nerves  convey  them  to  the 
sensorium.     Indeed  the  idea  that  the  mind  could  travel  beyond 
the  cornea,  ride  on  the  whirlwind,  and,  like  a  fairy  mab,  measure 
invisible  angles  of  an  invisible  and  distant  image,  is  so  veiy 
inconsistent  that  we  cannot  but  express  surprise  at  its  adoption. 
If  a  man  were  gravely  to  say  that  ne  could  touch  the  moon,  he 
would  be  looked  on  as  mad  ;  but  an  astronomer  says,  that  on 
looking  through  a  telescope  he  can  measure  the  invisible  ima^e 
of  that  body  nearer  to  the  eye  than  the  moon,  and  beyond  the 
influence  of  the  nerves  ;  and  the  astronomer  gets  credit  for  the 
assertion.     As  the  knowledge  of  distance  almost  entirely  arises 
from  experience,  founded  on  the  analogy  between  the  sense  of 
sight  and  touch,  the  former  at  a  very  early  period  of  existence  is 
inadequate  to  regulate  our  perceptions.     >\hen  an  infant  begins 
to  notice,  natural  education  commences,  external  objects  are  the 
letters,  and  the  nerve^the  instructors  of  the  mind.  The  insufficiency 
of  sight  is  evident  by  the  anxious  desire  to  feel  and  to  exanoine 
every  new  plaything.    The  image  of  the  rattle  is  delineated  on 
the  cornea,  and  the  child  believing  it  to  touch  the  eye,  grasps  at 
it  although  far  removed.     On  the  same  principle  I  have  heard,  a 
child  cry  bitterly  for  the  moon  to  play  with.     In  a  few  months, 
the  sense  of  touch  has  partly  educated  the  eye  in  judging  dia* 
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tance  by  the  apparent  magnitude  of  the  corneal  image.  A  maa 
bom  bhnd  ana  suddenly  restored  to  aight  would  suppose  every 
object  to  touch  his  eye.  All  that  is  accomplished  by  telescopes 
and  microscopes  (according  to  the  retinal  theory)  is  first  to  make 
an  image  of  a  distant  object  by  means  of  a  lens,  and  then  to  give 
the  eye  some  aBaistancefor  viewing  that  image  as  near  as  possible; 
so  that  the  angle  which  it  shall  subtend  at  the  eye  may  be  very 
large,  compared  with  the  angle  which  the  object  itself  would  sab- 
tend  in  the  same  situation  ;  this  is  done  by  means  of  an  eye-glass 
which  so  refracts  the  pencils  of  rays  that  they  may  afterwards 
be  brought  to  their  several  foci  by  the  natural  humours  of  Uie 
eye.  Now  it  is  evident  from  the  foregoing  experiments  thatthis 
theory  m  perfectly  erroneous,  and  that  a  telescope,  as  shall  here- 
after be  more  fully  shown,  does  nothing  more  than  diverge  the 
rays,  or  magnify  the  image  on  the  cornea.  In  the  galtilean 
telescope,  the  convex  lens  magnifies  the  erect  image  which  it 
forms  on  the  concave  eye-glass,  the  use  of  which,  by  regulating 
the  sphere  of  concavity,  is  to  obviate  the  colours  produced  by 
the  sphere  of  convexity.  Hence  an  achromatic  and  magnified 
corneal  image  is  formed.  I  shall  here  notice  a  difficulty  which 
Hr.  Barrow  and  all  other  opticians  have  failed  to  clear  up,  parti- 
cularly noticed  by  the  Bishop  of  Cloyne.  "  Let  an  object  be 
placed  beyond  the  focus  of  a  convex  lens,  and  if  the  eye  be  close 
to  the  lens,  it  will  appear  confused,  but  very  near  to  its  trae 
place.  If  the  eye  be  a  little  withdrawn,  the  confueion  will 
increase,  and  the  object  will  seem  to  come  nearer;  and  when  the 
eye  is  very  near  the  focus,  the  confiision  will  be  exxeedingly 
great,  and  the  object  will  seem  to  be  close  to  the  eye.  But  in 
this  experiment  the  eye  receives  no  rays  but  those  that  are  con- 
verging; and  the  point  from  which  they  issue  is  so  far  from  being 
nearer  than  the  object,  that  it  is  beyond  it ;  notwithstanding 
which  the  object  is  conceived  to  be  much  nearer  than  it  is, 
though  no  very  distinct  idea  can  be  formed  of  its  precise  dis- 
tance," Here  Dr.  Barrow  supposed  that  when  his  eye  was  close 
to  the  lens  it  received  none  but  converging  rays  j  whereas,  on 
the  contrary,  they  were  diverging ;  and  as  he  withdrew  his  eya, 
the  more  the  erect  image  was  magnified,  when  magnified  beyond 
the  standard  of  distinct  vision  it  became  confused.  But  when 
the  eye  was  beyond  the  focus,  the  anterior  or  erect  image  was 
lost  to  the  eye,  and  the  two  lateral  and  inverted  images  coaleso- 
iag  into  one,  formed  an  image  which  was  nearer  the  eye  floatjng 
as  if  on  the  posterior  surface  of  the  lens.  Dr.  Barrow,  like  a 
tme  philosodher,  acknowledges  himself  unable  to  account  for 
this  appearance,  finishing  his  lecture  with  this  observation: 
**  Vobis  itaque  nodura  hunc,  uttnam  feliciore  conatu,  resolvendom 
committo."  Whether  these  experiments  tend  to  untying  the 
knot,  I  leave  the  reader  to  determine,  and  shall  not  enter  on 
Berkley's  or  Barroiv's  theories  of  apparent  distance  in  this 
psper. 
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We  next  come  to  the  rectification  of  inverted  images  on. the 
retina.  This,  according  to  Scheiner  snd  Kepler,  is  the  business 
of  the  piind,  which,  when  it  perceives  an  impression  on  the  lower 
part  of  the  retina,  considers  it  as  made  by  rays  proceeding  irom 
the  higher  parts  of  the  object  tracing  the  rays  back  to  the  pupil 
where  they  cross  one  another.  But  this  hypothesis  (says  Dr. 
Priestley,  a  great  metaphysician)  will  hardly  be  deemed  satis&c* 
tory;  and,  by  way  of  clearing  up  the  difficulty,  he  proceeds 
thus :  '*  Upper  and  lower  are  only  relative  terms ;  and  as  all 
objects  are  painted  upon  the  retina  in  a  similar  manner  (all  the 
upper  parts  m  one  direction,  and  all  the  lower  parts  in  the  other), 
it  IS  by  custom  onIy>  founded  on  experience  and  the  association 
of  ideas,  that  we  learn  to  distinguish  them  from  one  another,  so  as 
to  direct  our  eyes,  or  point  our  hands  upwards  or  downwardsi^as 
we  have  occasion.  If  this  be  the  true  solution  (continues  the 
learned  Doctor)  it  will  follow  that  if  the  images  of  objects  had 
always  been  painted  in  a  different  manner,  that  is,  erect  as  the 
objects  themselves  are,  we  should  have  acted  as  we  do  now 
without  being  sensible  of  the  diiference,  a  different  association 
of  ideas  only  having  taken  place."  Now  all  this  laboured  expla- 
nation comes  to  nothing  more  or  less  than  that  we  are  taught  |)y 
experience.  However,  we  never  find  the  infant  or  the  brute 
(incapable  of  these  refined  associations)  mistaking  the  top  for 
the  botttom,  or  the  right  for  the  left.  When  the  world  was 
turned  upside  down  by  philosophers,  they  should  have  attributed 
the  circumstance  to  blind  instinct,  and  not  to  reason.  For  indeed 
reason  has  nothing  whatever  to  do  with  the  business.  In  the 
summer  of  1812,  I  performed  the  operation  for  cataract  on  a  very 
intelligent  boy,  named  Edvvanl  Carey,  aged  10  years ;  he  was 
born  with  such  opaque  cataracts  as  merely  to  enable  him  to 
distinguish  light  from  darkness,  or  the  shadow  of  an  interposed 
hand,  but  was  incapable  of  distinguishing  the  outlines  of  any 
object,  or  the  most  brilliant  colours.  After  the  operation,  and 
before  he  could  acquire  any  ideas  from  association,  having 
inquired  the  manner  in  which  he  saw,  he  answered  that  he  saw 
objects  as  he  felt  them,  supposing  them  to  be  very  near  the 
eyes. 

Although  Cheseldon  was  an  advocate  for  the  retina  being  the 
seat  of  vision,  he  does  not  make  any  particular  observations  on 
this  difficulty,  but  says  that  the  young  gentleman  whom  he 
couched  with  congenital  cataracts  "  knew  not  the  shape  of  any 
object,  nor  any  thing  from  another,  however  different  in  shape 
or  magnitude ;  but  upon  being  told  what  things  were,  whose  form 
he  before  knew  from  feeling,  he  would  carefully  observe,  that  he 
might  know  them  again."  When  shown  his  father's  picture  and 
told  what  it  was,  he  acknowledged  a  likeness,  but  did  not  misteke 
the  head  for  the  feet.  Indeed  were  there  no  other  difficulty  in 
the  retinal  theory  of  vision,  the  inversion  of  objects,  or  turning 
the  world  upside  down,  and  making  confusion  of  right  and  left| 
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would  be  sufficient  to  invalidate  the  entire.  The  next  difHcuIty^ 
in  thia  catalogue  of  difficulties  19  the  power  of  seeing  objects 
distinctly  at  ditferent  distances.  It  is  allowed  on  all  hands  that 
to  see  ail  object  at  different  distances,  either  the  retina  or  the 
ciystalline  lens  must  approach  bo  as  to  shorteu  what  is  called 
the  optic  axis  ;  so  that  the  crystalline,  according  to  this  theory, 
must  be  a  great  jumper.  To  calculate  the  number  of  jumps,  or 
miniature  leaps,  the  lens  of  a  general  officer  would  take  at  a 
review,  miH;lit  puzzle  an  algebraist,  vulgar  arithmetic  being  per- 
fectly inadequate  to  the  sohition.  And  then  an  able  philosopher 
has  given  thousands  and  tens  of  thousands  of  muscles,  or  wings, 
if  you  please  to  call  them  so,  to  this  little  busy,  fluttering  thing. 
Indeed  Dr.  Young  might  as  well  have  given  muscles  to  an  onion, 
the  lamiitse  of  which,  and  those  of  the  crystalline,  being  veiy 
similar.  Ou  examining  all  the  different  theories,  we  find  them 
all  diflfering,  and  perfectly  inadequate  to  the  effect.  Kepler, 
two  centuries  ago,  supposed  that  the  contraction  of  the  ciliary 
processes  draws  the  sides  of  the  eye  towards  the  crystalline,  by 
whieh  means  the  eye  is  lengtiiened,  and  the  retina  pushed  to  a 
greater  distance  from  the  pupils  when  we  are  viewing  near 
objects.  Mr.  Thomas  Young  differs  from  Kepler,  Descartes 
from  Young,  Haller  from  Young,  with  a  crowd  of  others  whose 
oinmons  I  tJiink  it  unnecessary  to  mention. 

I  rsmain,  Sir,  your  obedient  servant, 

Joseph  Reade,  M.D. 

.  TTie  Editor's  observations  would  be  acceptable. 
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Article  IV. 
lep/y  to  Mr.  Hoft  on  Rain-Gauges.    By  Mr.  Meikle. 

(To  Dr.  Thomson.) 

SIR,  BcTiuri-strcrt,  Feb.  93, 1890. 

In  the  Annals  of  Philosophy  for  October  last,  I  gave  a  very 
concise  but  unobjectionable  refutation  of  the  mistaken  idea 
which  M,  Flaugergues  and  others  entertain  about  the  true  cause 
of  the  difference  observed  in  the  quantities  of  water  collected  in 
rain-gauges  placed  at  different  heights.  1  then  flattered  myself 
that,  by  means  of  a  simple  diagram,  f  had  brought  down  th« 
subject  to  the  level  of  the  most  superficial  inquirer ;  and,  there- 
fore, did  not  encumber  your  pages  with  a  tiresome  harangue 
about  a  thing  so  extremely  simple  aud  obvious  to  every  one. 

Some  persons,  however,  seem  still  to  cherish  a  predilection  for 
their  favourite  error;  and  among  these  your  learned  correspond- 
ent Mr.  Holt  certainly  holds  uo  inferior  place ;  since  in  ^Qit 
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number  for  January  he  has  favoured  us  with  an  article  in  wiack 
he  not  only  shows  dearly  that  he  has  entirelv  nuannderatood  i^ 
explanation,  but  that  be,  if  possible,  still  labours  uader  a 
delusion  superior  to  that  of  M.  Flangergues  himself;  w^ 
probably  felt  into  that  unaccountable  mistake  merely  throwh 
haste,  or  from  having  his  attention  so  much  occupied  with,  ine 
many  interesting  services  which  he  renders  to  science. 

The  Wemerian  Natural  History  Socie^  and  the  BibUotheqoe 
Unirereelle  are  both  of  high  authority ;  but  an  error  is  still  dd 
error  in  these,  as  well  as  truth  ie  truth,  should  it  occur  in  a  covd. 
Unfortunately,  however,  fof  your  correspondent,  and  the  cause 
he  has  so  faithfully  espoused,  the  position  I  advanced  is  inde- 
pendent of  authorities  or  opinions,  since  it  must  stand  or  iafl 
with  some  of  the  simplest  truths  of  geometry. 

Indeed  it  is  almost  inconceivable  how  any  one  who  is  bitt 
ihghtly  acquainted  with  elementary  geometry  should  feel  the 
least  embarrassed  on  seeiog  clearly  that  the  horizontal  distance, 
or  distance  of  the  points,  in  which  the  drops  pass  throueb  a 
plane  parallel  to  the  horizon,  is  absolutely  independent  of  Uieir 
inclination  where  the  wind  runs  steadily  and  horizontally.  This 
1  formerly  showed,  and  shall  now  endeavour  to  do  soagoiaa 
little  differently. 

Let  A  C,  B  D,  with  the  intermediate 

Sarallels,  represent  the  paths  of  rain- 
rops  falling  perpendicularly ;  and  let 
A  E,  B  F,  with  the  parallels  between 
them,  bethe  paths  of  the  same  drops  when 
acted  on  by  a  steady  wind  blowing  from 
B  to  A.  Suppose  A  B  and  E  D  paral- 
lel to  the  horizon,  Now  since  A  C  most  be  parallel  to  B  D,  and 
A  E  to  B  F,  we  have  EF  =  AB^CD.  A  gauge,  therefore, 
of  the  width  C  D  would  exactly  receive  the  same  quanti^  of 
rain  if  placed  at  £  F,  let  the  inclination  be  what  it  may.  Con- 
sequently the  quantity  of  water  received  by  a  rain-gauge  is  totally 
itidependent  of  the  general  inclination  of  the  rain. 

If  F  G  be  perpendicular  to  A  E,  it  must  no  doubt  be  less  than 
E  F.  But  however  short  F  G  may  become,  all  the  drops  still 
pass  through  it ;  since  the  parallels  A  E,  B  F,  &c.  are  only  so 
much  the  more  crowded  together.  The  grand  principle,  there- 
fore, of  M.  Flaugergues's  mistake  is  his  always  proceeding  on  the 
supposition  that  the  shortest  or  perpendicular  distance  of  the 
Unes  in  which  the  rain  falls  is  constant ;  whereas  that  varies 
with  the  sine  of  inclination ;  while  it  is  the  distance  of  the  points 
in  which  the  drops  pass  through  a  horizontal  plane  that  is  inva- 
riable. Mr.  Holt  has  duly  adopted  the  same  mistake,  only  try- 
ing to  improve  upon  it,  by  saying  that  the  quantity  of  rain 
received  will  be  proportional  to  the  angle  of  inclination ;  whereas 
M.  Flaugergues  makes  it  as  the  sine  of  that  angle. 
As  the  rain  drops,  if  first  acted  on  by  the  wind,  and  aftem-ard 
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gradually  sheltered  from  it  in  approachine  the  ground,  must 

obviously  descend  in    curves ;    let   H  I,  K  L, 

with  the  curves  between  them,  represent  the 

paths  of  the  falling  drops.    Then  since  it  is 

evident  these  curves   must  all   be  every  way 

equal  and  similarly  situated  with  respect  to  the 

horizon,  it  follows,  that  any  line  H  K  parallel  to 

the  horizon  must  be  exactly  equal  any  other  parallel  I  L ;  so 

that  the  general  obliquity  of  descent  was  no  concern  whatever 

with  the  quantity  of  rain  which  the  gauge  receives. 

"  Should  the  rain,"  says  Mr.  Holt,  "  be  blown  in  a  direction 
par^lel  to  the  horizon,  it  is  obvious  none  could  enter."  He 
might  easily  have  added  abundance  of  other  remarks  equally  true, 
but  hke  that  altogether  foreign  to  the  point  in  question.  Since 
it  IB  not  difficult  to  show  that  no  wind  mnning  parallel  to  the 
horizon  can  ever  carry  rain  drops  also  parallel  to  the  horizon, 
until  the  velocity  of  that  wind  become  infinite ;  and  when  that 
takes  place,  your  correspondent  would  do  well  to  look  out  for 
the  nearest  place  of  shelter. 

From  what  I  have  shown  above,  we  may  venture  to  conclude 
that  there  is  very  little  reason  for  constructing  a  particular  sort 
of  gauge  to  counteract  a  source  of  error  which  does  not  exist. 
Indeed  admitting  the  opinion  of  these  learned  gentlemen  to 
have  been  correct,  the  quantity  of  rain  which  falls  on  any  given 
space  of  ground  during  wind  would  be  leas  than  what  came  away 
from  the  same  area  of  clond.  Query — Is  the  rest  annihilated, 
or  what  becomes  of  it  that  it  does  not  reach  the  earth  1 

I  formerly  stated  as  my  opinion  that  the  paradox  in  question 
w^  some  way  owing  to  the  obstruction  which  the  gauge  itself 
offers  to  the  wind.  This  idea  (the  first  of  the  kind  I  recollect  to 
have  met  with)  has  so  highly  pleased  Mr.  Holt,  that  he  has  con- 
descended to  give  it  in  a  slightly  different  form,  as  if  it  were 
entirely  new  and  his  own. 

Until  some  unexceptionable  method  be  discovered  for  esti- 
mating the  error  to  which  gauges  in  an  exposed  situation  are 
liable,  I  do  not  conceive  such  gauges  are  entitled  to  any  notice 
whatever ;  and  since  that  error  must  be  affected  with  the  size  of 
the  rain  drops  as  well  as  with  the  velocity  of  the  wind,  I  despair 
of  ever  seeing  the  matter  put  to  rights.  But  if  Mr,  Holt  will  be 
80  good  as  consider  the  subject  with  a  little  more  attention,  I 
hope  "  it  r/ill  appear  to  him  that  he  himself  has  taken  the  wrong 
new  of  it." 

I  am.  Sir,  your  most  obedient  servant. 
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Article  V. 

Observations  upon  the  Ores  which  contain  Cadmium,  and  upon 
the  Discovery  of  this  Metal  in  the  Derbyshire  Silicates  and 
other  Ores  of  Zinc.  By  Edward  Daniel  Clarke,  L.L.D. 
Professor  of  Mineralogy  in  the  University  of  Cambridge, 
Member  of  the  Royal  Academy  of  Sciences  at  Berlin,  &c.&c» 
In  a  Letter  to  the  Editor  of  the  Annals  of  Philosophy., 

(To  Dr.  Thomson.) 

DEAR  SIR,  CamhHdge^Feb.\H,\BiO. 

In  vol.  xiv.  of  yovLT  Annals,  p.  269,  you  gave  some  new  detail? 
respecting  Cadmium  from  the  "  Aunalen  der  Physik"  by  JIf. 
Stromeyer,  which  excited  in  my  mind  a  very  great  desire  to  see 
the  ores  which  are  said  to  contain  this  curious  metal.  Some 
varieties  of  radiated  blende  from  Przibram,  in  Bohemia,  are 
described  as  containing  two  or  three  per  cent,  of  cadmium.  At 
a  sal^  which  took  place  soon  afterwards  in  London,  I  procured 
specimens  of  the  particular  mineral  thus  alluded  to,  which  wer» 
sold  under  the  name  of  splendent  fibrous  blende  from  Przibram^ 

Eronounced  Pritzbram.  1  found  afterwards  that  they  had  been 
rought  to  England  by  Mr.  J.  Sowerby,  of  Lisle-street,  a  dealer 
in  mmerals,  from  whom  I  afterwards  obtained  more  of  the  same 
substance.  L^pon  my  return  to  Cambridge,  I  endeavoured  to 
obtain  Cadmium  froin  this  ore,  ^nd  succeeded,  not  following 
exactty  the  process  mentioned  by  M.  Stromeyer,  because  I  made 
use  01  muriatic  add,  in  the  first  place,  as  a  solvent,  instead  of  the 
sulphuric,  as  being  easier  of  evaporation;  and  hoping,  by  a 
careful  evaporation  to  dryness,  to  separate  any  lead  that  might 
be  present,  the  crystals  of  muriate  of  lead  not  being  soluble  in 
distilled  water.  Before  any  thing  further  is  stated,  it  may  be 
proper  to  describe  the  ore  itself.  The  splendent  fbrous  blenae  of 
Przibram,  in  its  external  appearance,  is  not  unhke  red  hydrosuU 
pkuret  of  antimony,  but  it  is  so  highly  splendent  as  to  exhibit  a 
lustre  nearly  metallic,  especially  after  a  fresh  fracture.  It  exhi- 
bits shining  fibres,  as  radii  diverging  from  a  common  centre, 
imbedded  in  common  massive  blende,  which  also  has  something 
of  a  radiated  structure,  and  is  associated  with  an  aggregation  of 
cubic  crystals  of  sulphuret  of  lead.  The  purer  fibrous  part  of  the 
mineral,  divested  of  the  massive  blende  and  of  the  sulphuret  of  lead,, 
was  selected  for  experiment.  Its  specific  gravity  in  distilled 
water,  at  a  temperature  equal  to  55^  of  Fahrenheit,  is  exactly 
4000.  The  Abb6  Haiiy  makes  that  of  sulphuret  of  zinc,  or 
the  commen  blende,  to  be  equal  to  4,1665. 

(A.)  Twenty-five  grains  of  this  mineral  triturated  in  a  porcelain 
mortar  exhaled  a  strong  smell  of  sulphuretted  hydrogen  simply 
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by  fracture  and  friction.  It  filled  the  whole  house.  Placed  in 
strong  muriatic  acid,  and  the  acid  boiled,  a  solution  took 
place,  but  without  any  rapid  or  vehement  action,  sulphur- 
etted hydrogen  being  evolved  as  before.  The  solution  was 
then  evaporated  to  dryness,  and  distilled  water  being  added, 
the  whole  of  the  muriates  were  taken  up,  no  fead  being 
present  for  separation  ;  bat  there  remained  undissolved  a  small 

E>ortion  of  glittering  heavy  white  particles,  which,  when  col- 
ected  on  a  filter  and  dried,  weighed  nine-tenths  of  a  grain. 
These  particles  being  examined  with  a  lens  were  as  diaphanous 
as  the  most  limpid  rock  crystal.  They  proved  to  be  diapha- 
nous quartz  in  the  arenaceous  form :  some  of  them  had  the 
rounded  botiyoidal  appearance  o^Santilite;  others  were  angular 


and  polygonal. 
(B.)  Tl     - 


'he  filtered  hquor  collected  from  (A.)  yielded  an  orange 
or  orpimenl-coloiti-ed  precipitate  to  siil]ihuretted  hydi-o^en :  also  a 
white  precipitate  to  fii/draie  of  potass,  which  was  redissolved  by 
adding  hiidmte  of  ammonia. 

(C.)  The  same  orsnge-coloured  precipitate  from  (B.)  being 
redissolved  in  muyiatic  add,  and  the  acid  evaporated  and  distilled 
water  added,  carbonate  of  ammonia  was  poured  into  the  solution 
in  excess,  which,  holding  the  x.inc  in  solution,  threw  down  a 
ibhite  precipitate ;  and  this  changed  yellow  in  drying  by  the  loss 
of  a  portion  of  its  carbonic  acid. 

(Q.)  The  precipitate  from  (C.)  being  redissolved  in  muriatic 
acid,  and  the  excess  of  acid  driven  off,  and  distilled  water  added 
ds  before,  yielded  an  orange-coloured  precipitate  to  sulphuretted 
hydrogen,  distinguishing  it  from  :i«r,-  also  to  phosphate  of' soda,  . 
instead  of  the  crystalline  flakes  or  scales  which  ziitc  exhibits,  it 
yielded  a  white  pulverulent  powder,  which  was  redissolved  ia 
liquid  ammonia.  It  was,  therefore,  carbonate  of  cadmium.  It 
was  moreover  insoluble  in  water.  But  in-drying  the  muriate  of 
cadmium,  if  too  much  heat  be  applied,  the  salt  is  decomposed, 
and  the  oiide  with  a  beautiful  orange  colour  separates  fn  an 
insoluble  form  simply  by  adding  water. 

A  stick  of  zinc  of  a  cylindrical  form,  being  placed  in  the 
diluted  muriate  mentioned  in  (A.)  became  coated  over  with  a 
precipitate  which  had  a  dendritic  appearance.  When  examined 
with  a  lens,  minute  metallic  scales  of  a  leaden  aspect  were  dis- 
cernible. Having  collected  this  precipitate  by  z/mc  into  a  watch- 
glass,  and  washed  it,  and  evaporated  the  supernatant  fluid,  the 
residue  appeared,  a  brown-coloured  substance,  which  powerfully 
attracted  moisture.  Having  exposed  it  almost  to  a  red  heat,  it 
yet  deliquesced  in  the  instant  of  its  cooling.  Scraping  ofi'some 
of  this  on  platinum  foil,  and  heating  it  with  the  blow-pipe,  it 
gent  off  white  fumes;  then  intumesced,  and  exhibited  a  dark- 
brown,  slag-like,  substance,  ivhich,  by  further  exposure  to  heat, 
was  converted  into  an  '.irange-coloured  oxide ;  and  this  again  by 
alternately  applying  the  point  of  tlie  blae,  ot  \Jive.  ■•j'Sita'm 
^V0L,XV   JVIV  S  ,M 
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flame,  became,  either  a  dark  sW,  or  an  orangc-colotfred  oxide^ 
until  the  whole  was  dissipated  by  increasing  the  temper- 
ature. The  last  globules  of  the  dark  slag  among  the  orange- 
coloured  oxide  had  a  metallic  appearance.  When  borax  was 
added  to  the  above,  a  fine  amethyst  colour  appeared,  while 
hot,  which  vanished  when  it  became  cold.  To  prove  that 
this  precipitate  by  zinc  was  really  cadmium j  I  redissolved  it 
in  muriatic  acidy  and,  after  the  usual  .process,  sulphuretted 
hydrogen  j^ave  its  beautiful  orange-coloured  precipitate,  and 
hydraU  of  potass  a  white  precipitate,  as  before;  which  became 
redissolved  by  adding  liquid  ammonia, 

I  have  been  the  more  particular  in  detailing  these  experiments, 
because  upon  their  accuracy  mainly  depends  the  validity  of  my 
subsequent  remarks  respecting  the  presence  of  Cadmium  in  otiniT 
ores  oi'  zinc.  In  the  course  of  them,  I  had  made  some  observa- 
tions which  led  me  to  conclude  that  Cadmium  is  more  remarkably 
chai  acterized  by  a  tendency  to  crystallization,  than  even  anti- 
moni/,  or  any  other  metallic  body.  When  the  muriate  of  cad- 
miuni  is  dissolved  in  a  very  considerable  body  of  water,  far 
below  saturation,  as  it  adheres  to  the  sides  of  a  glass  vessel  and 
becomes  dry,  it  shoots  out  into  transparent  fibrous  crystals,  which 
mdiate  in  a  very  beautiful  manner.  Many  other  solutions  of  the 
metal  are  moreover  characterized  by  a  tendency  to  crystalliza- 
tion. Having  observed  this,  I  began  to  suspect  that  a  radiated 
structure  in  ores  of  zinc  might,  perhaps,  be  an  indication  of  the 
presence  of  Cadmium  in  these  ores ;  and  accordingly  I  began  the 
examination  of  a  specimen  of  silicate  of  zinc,  which  I  had 
brought  from  the  same  sale,  and  which  had  been  described  in  the 
sale  catalogue  as  electric  calamine  from  Frci/herg.  It  exhibited 
black  diverging  fibres,  accompanied  by  an  onuige-coloured  earth, 
and,  perhaps,  it  maybe  the  sort  oi  black  fibrous  blende  in  which 
Stromei/er  is  said  first  to  have  discovered  Cadmium, 

Having  dissolved  a  part  of  this  mineral  in  sulphuric  acid,  and 
evaporated  the  acid  almost  to  dryness,  a  sufficient  quantity  of 
distilled  water  was  added  to  enable  the  fluid  to  pass  the  filters 
without  destroying  them ;  and  having  collected  the  clear  liquor, 
sulphuric  acid  w^as  again  added,  that  an  excess  of  the  acid  might 
be  present  according  to  Strometjer's  process.  A  stream  of  sul- 
phuretted hydrogen  gas  was  then  sent  throiigh  tlie  solution,  and 
jiiimediately  a  -most  vivid  orange-coloured  precipitate  began  to 
tixW,  With  this  precipitate  I  repeated  the  experiments  before- 
mentioned,  of  solution  in  muriatic  acid,  &c.  &c.  and  after  the 
usual  process  obtained  carbonate  of  cadmium,  as  before,  liaving 
all  the  characters  of  that  carbonate. 

I  made  several  attempts  to  revive  the  metal,  but  with  little 
success.  By  heating  tne  carbonate  and  expelhng  the  acid,  I 
obtained  the  oxide  of  cadmium,  and  by  placing  this  in  a  glass 
tvhp)  containing  hi/drogen  gas,  and  making  the  tube  red-hot,  a 
brilliant  white-looking  metallic  appearance  became  fixed  upon 
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tiie  inner  surface  of  tlie  glass  ;  but  which  may,  perhaps,  be  due 
to  lend  contutned  iu  the  glass  itself. 

At  unother  time,  having  thrown  down  with  siilp/iiirelled  hifdro- 
gen  the  sulpliaret  of  cadmium,  and  observing  that  its  fine  orange 
colain-  was  darkened  by  the  presence  of  had,  I  endeavoured  to 
ascertain  the  quantity  o^  lead  present  by  reviviugitiu  a  crucible 
with  soda.  In  this  miinner  1  obtained  globules  of  pure  lead, 
which  had  separated  fiom  other  bronze-looking  glohuleB  that 
were  brittle,  and  these  after  solution,  ilcc.  in  muriatic  acid  gave 
an  oraiige-coloHTed  precipitate  to  sulphuretted  litfdrogen,  and  a 
white  precipitate  to  hi/drate  af  potass,  which  was  redissotved  ia 
liquid  ammonia.  It  is  evident,  therefore,  tliat  they  contained 
Cadmium,  and  were,  perhaps,  alloyed  with  copper;  but  the  heat 
necessary  for  melting  copper  would  voletilize  cadmium,  if  Slro- 
mei/er's  observation  be  correct,  as  stated  in  p.  274,  vol.  xiv.  of 
your  Annals. 

Having  now  exhausted  my  materials,  I  went  to  London  to  see 
if  I  could  procure  any  more  of  the  dark  Jihrous  silicate  of  xinc. 
At  Mr.  Maioe's  shop  in  the  Strand,  I  was  shown  Hometiiing  of 
a  similar  nature,  although  not  agreeing  as  to  colour.  This  was 
the  Tierlii/shire  silicate  of  xiuc,  having  a  greenish  colour,  with  a 
taditUed  structure,  like  wavellitc,  and  containing  in  cavities  ihe 
iviidith-brown,  or  orange-coloured  earth  before-mentioned.  The 
specific  gravity  of  the  pure  fibrous  part  equals  '3-67G7,  but  itis  a 
very  impure  mineral,  containing,  as  well  as  the  preceding  silicate, 
both  copper  and  iron,  besides  a  considerable  quantity  of  mflgwesic/* 
carbonate  af  lime  audjiuor  spar.  Mr.  Maine  furnished  me  with 
several  of  these  specimens,  and  our  profeasurs  of  chemistry  and 
geology,  Cummiiig  and  Sedgewick,  have  kindly  added  more.  Inall 
of  them  1  have  found  CW/fJJum;  and  the  quantity  of  this  metal, in 
■the  ore  maybe,  perhaps,  ascertained;  because  540  gr.  of  the  mine- 
ral, by  the  process  1  have  already  described,  yielded  3-j^^ths  of 
mlphnret  oj' cadmium,  allowing  rather  leas  than  -/^-ths  of  a  grain 
per  cent.  I  have  sent  the  carbonate  of  cadmium  and  the  sulplniret 
to  you  for  examination ;  and  you  have  confirmed  what  1  have  said 
as  totheir  real  nature.  The  truth  of  the  foregoing  observations 
respecting  the  presence  of  Cadmium  in  our  English  ores  of  ziac 
has  also  been  since  confirmed  by  Dr.  Wollaston  and  by  Mr. 
CJiildren,  who  have  examined  the  Derbyshire  silicaies  whence  1 
obtained  the  metal,  and  obtained  Cadmium  from  them. 

Since  making  the  foregoing  obseri'ations,  I  began  the  exami- 
nation of  other  Enghah  ores  of  nunc,  and  especially  of  anpchreouB 
earthy-loofcing  carliouate  of  sine,  from  Aldstone  Moor,  in  Cum- 
berland. This  ore  is  dug  near  tlie  house  of.a  dealer  iii  miiierals, 
of  the  name  of  J.  Cawper,  who  resides  in  the  town  oi'  Aldsloue. 
After  iu  solution  in  sulphuric,  acid,  when  &  stream  oi  sulphuretted 
hydrogen  gas  is  sent  through  the  solution,  it  assumes  a  vivid 
Orange  colour,  and  a  precipitate  is  thrown  down,  which  has  die. 
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colour  of  rhubarb :  but  this  precipitate^  when  boiled  in  highly 
concentrated  muriatic  acid,  is  not  wholly  soluble  in  that  acid ; 
and  when  the  excess  of  acid  has  been  driven  off,  and  distilled 
water  added^  no  precipitate  is  aflTorded  to  carbonate  of  ammonia^ 
Zinc  throws'^bwn  from  it  a  dark  precipitate,  which  nas  not  the 
characters  of  Cadmium,  Hence  I  conclude  that  it  does  not 
contain  Cadmium;  and  that  the  orange-coloured  precipitates 
afforded  by  sulphuretted  hydrogen  from  the  solutions  of  the  ores 
of  zinc  are  not  of  themselves  mdications  of  the  presence  of  that 
metaly  wanting  the  subsequent  proof  of  its  presence  to  which  I 
have  alluded  ;  and  the  further  testimony  from  subsequent  tests 
used  in  the  examination  of  the  carbonate ;  as  described  in  the 
foregoing  experiments. 

I  have  the  honour  to  be,  dear  Siy,  &c.  &c. 

E.  D*4  Clarke. 
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Experiments  to  determine  the  Composition  of  different  inorganic 
Bodies  which  serve  as  a  Basis  to  the  Calculations  relative  to  the 
Theory  of  Chemical  Proportions.     By  J,  Berzelius. 

(Continued  from  p.  98.) 

BaryteSy  Sulphate,  and  Muriate  of  Barytes. 

Ten  grammes  of  pure  muriate  of  barytes  perfectly  deprived  of 
water  were  dissolved  in  water,  and  the  solution  was  mixed  with 
nitrate  of  silver  as  long  as  any  precipitate  fell.  I  obtained  in  one 
experiment  13*806,  and  in  another,  13'808  grammes  of  fused 
muriate  of  silver.     Muriate  of  barytes,  therefore,  is  composed  Of 

Muriatic  acid 26-37   100-000 

Barytes 73-63   279-226 

If  we  calculate  from  this  experiment  the  composition  of 
barytes,  we  find  that  it  must  contain  10*45,  per  cent,  of  oxygen. 

xen  grammes  of  muriate  of  barytes  decomposed  by  sulphuric 
acid  yielded  in  one  experiment  11-217,  and  in  another  11-218 
grammes  of  sulphate  of  barytes.  Hence  sulphate  of  barytes  is 
composed  of 

'  Sulphuric  acid 34-337   100*00 

Barytes 65*643   191-07 

If  we  calculate  the  composition  of  barytes  from  these  data, 
we  find  that  it  should  contain  10*443  per  cent,  of  oxygen.  The 
results  of  these  two  experiments  then  only  differ  0-00008,  and 
may  consequently  be  considered  as  very  near  the  truth. 
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Composition  of  the  Acids  of  Phosphorus,  of  the  Phosphates,  awrf 
Phasphiles. 
The  greater  n limber  of  what  is  contained  in  this  article  havii^ 
been  already  published  in  the  Annals  of'  Phi/osoph/f,  it  will  be 
necessary  to  mention  merely  some  new  experinieols  which  th« 
author  has  made  on  the  phosphates  of  barj-tes  and  lime.  He 
had  observed  that  the  neutral  phosphate  of  hnie  deviated  a  little 
from  the  composition  which  ought  to  result  from  tlie  general- 
capacity  of  saturation  of  phosphoric  acid.  He  discovered  after- 
wards that  this  deviation  wiis  owing  to  the  great  tendency  wbiclr 
phosphoric  acid  has  to  produce  the  same  subphoaphate  which 
exists  in  the  bones  of  animals,  a  greater  or  smaller  quantity  of 
which  always  mixes  itself  with  the  neutral  pliosphate,  when  we 
endeavour  to  procure  this  last.  He  found  likewise  that  phos- 
phate of  barytes  gives  a  subphosphate  when  treated  with  caustic 
nmmonia,  and  that  in  this  subphosphate,  the  acid  is  combined 
with  1^  as  much  of  base  as  in  tlie  neutral  salt :  that  is  to  say, 
that  the  salt  is  composed  of 

Phosphoric  acid 27-07   lOO-O 

Barytes 72-93   2tl9-3 

The  different  anomalous  subsalts  and  supersalts  which  phos- 
phoric acid  produces  with  barytes  and  lime,  deserve  the  attentioa 
of  chemists  ;  and  that  so  much  the  more  because  hitlxerto  thej 
constitute  the  only  examples  of  their  kiud. 

When  the  quantity  of  phosphoric  acid  is  the  same,  the  multi- 
ples of  the  two  bases  in  their  different  combinations  with  th« 
acid  are  as  follows  ;  beginning  with  the  combination,  which 
conlains  the  least  base  : 

Burj'Ici.  Li  IDF. 

Biphosphate 1 1 

Acid  phosphate  prepared  with  alcohol.  1^   1.J- 

Keutral  phosphate . 2     -2 

First  subphosphate 2^-    'i|. 

Second  subphosphate 3      3 

If,  on  the  othei'  hand,  the  quantity  of  base  remains  the  same, 
the  multiples  of  the  acid  are  as  follows,  beginning  with  the  sufc- 
salt,  which  contains  the  least  acid  : 

Barjlcj.  LlinF. 

Second  subsalt 1-0    l-OOO 

First  subsalt 1-2    l-l'ZH 

Neutral  salt 1-5   1-500 

Acid  phosphate  prepared  by  alcohol  2-0   2-250. 

Biphosphate 3-0   3-000 

We  see  from  this  comparison  that  the  anomalies  fall  only  on  the 
intermediate  combinations,  to  which  we  at  present  know  nothing 
analogous  ia  the  combinations  of  the  other  acids  with  the  basfi»- 
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Experiments  on  the  Composition  of  Boracic  Acid, 

With  respect  to  this  .acid,  we  have  direct  experiments  by 
Davy,  and  by  Gay-Lussac  and  Thenard.  The  former  found  73 
per  cent,  of  oxygen,  while  the  latter  found  only  33  per  cent.  As 
It  appeared  to  me  veiy  likdy  that  the  determination  of  the  capa- 
city of  saturation  of  boracic  acid  would  indicate  which"  of  these 
two  results,  so  different  from  each  other,  approached  nearest  the 
truth,  I  undertook  some  experiments  to  determine  that  point.  I 
heated  boracic  acid  to  redness  in  a  platinum  crucible  to  drive  off 
the  sulphuric  acid  with  which  it  is  usually  contaminated.  1 
dissolved  the  fused  acid  in  boiling  water,  and  crystallized  it*a 
second  time.  The  crystals  being  well  dried  were  exposed  dn  a 
sand-bath  to  a  heat  above  212°;  but  long  before  becoming  red- 
hot,  they  lost  0*221  of  their  weight.  When  heated  in  a  platinum 
crucible  by  means  of  a  spirit  lamp,  the  acid  lost  0-129  more, 
making  the  whole  loss  amount  to  35  per  cent.  Ten  grammes  of 
crystallized  boracic  acid  were  mixed  with  40  gi'ammes  of  pure 
oxide  of  lead  and  a  quantity  of  water  sufficient  to  dilute  the 
mixture.  It  was  digested  till  the  boracic  acid  had  combined 
with  the  oxide  of  lead.  It  was  then  evaporated  to  dryness,  and 
exposed  to  a  red  heat.  The  calcined  mass  weighed  45*6 
grammes  ;  therefore,  4*4  grammes  of  water  had  separated  from 
the  crystallized  acid  by  its  union  with  the  oxide  of  lead.  This 
is  precisely  twice  as  much  as  the  acid  had  lost  by  the  heat  of  a 
sand-bath.  The  experiment  appears  then  to  prove  that  crystal- 
lized boracic  acid  contains  two  portions  of  water ;  one  of  which 
serves  as  a  salifiable  base  :  while  the  other  is  the  water  of  crvs* 
tallization.  This  last  portion  is  disengaged  by  alow  heat,  while 
the  other  requires  a  higher  temperature,  or  the  addition  of  a  base^ 
to  be  separated  entirely  from  the  acid.  The  preceding  experi- 
ments lead  to  the  supposition  that  the  water  which  serves  as  a 
base  to  the  acid,  separates  at  two  different  periods;  one  half 
separates  first,  and  the  other  remains  united  to  the  acid,  in  the 
the  form,  to  speak  so,  of  a  subborate  of  water. 

Ten  grammes  of  crystallized  borate  of  ammonia  were  mixed  in 
a  retort  with  40  grammes  of  pure  lime.  The  retort  was  adapted 
to  a  small  tubulated  receiver  filled  with  caustic  potash,  and  fur- 
nished with  a  glass  tube  likewise  filled  with  caustic  potash, 
through  which  the  ammoniacal  gas  was  to  issue.  The  receiver 
and  tube  with  the  potash  were,  exs^ctly  weighed  before  the  expe- 
riment. The  retort  was  then  slowly  heated,  till  at  a  heat  nearly 
red,  no  more  anjmoniacal  gas  was  disengaged.  The  apparatus 
was  then  allpwecl  to  cool,  the  receiver  was  removed,  and  the 
ammoniacal  g^s.  d"ven  out  of  it  by  means  of  a  current  of  air 
which  passed  over  muriate  of  lime  before  entering  into  the 
ffeceivet.  The  receiver  and  tube  had  acquired  3*173  grammes^ 
of  wafer,  and  in  the  retort,  3*795  grammes  of  boracic  acH 
Mtmnmed  vmiftd  mih  the  Ihne.    The  foss^  amovntkig  UkS^BSH 
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grammes,  must  be  ascribed  to  the  auimoniacal  gas.   Thus  borate 
of  ammonia  is  composed  of 


n 


Boracic  acid 37-95   lOO-ClllO 

Ammonia 30-32    79-f<96 

Wa(er 31-73 

lOO'UD 


This  quantity  of  water  contains  2*^  of  oxygen;  and*  the  amiaoi.'' 
nia,  on  the  hypothesis  that  it  contains  a  quantity  of  osygea.i 
proportional  to  the  quantity  of  acid  which  it  saturates,  comparodti 
with  the  other  saline  bases,  contains  14'(J7  of  oxygen,  whieh». 
muhiplied  by  2,  gives  28-14  ;  su  that  in  this  salt,  as  well  as  in' 
the  sulphate  and  oxalate  of  ammonia,  the  water  of  rombination 
contains  twice  as  much  oxygen  as  the  base.  Thu  79'8U5  of; 
ammonia,  with  which  lUO  parts  of  boracic  acid  are  saturated, 
contain  37-085  of  oxygen  ;  and  if  boracic  acid  tonUtin  twice  aa 
much,  it  is  composed  of  74-17  per  cent,  of  oxygen  and  2o-lil3  of 
boron,  which  comes  very  near  the  delenuinatioa  of  Davy.  Tha 
result  furnished  by  the  analysis  of  borate  of  ammonia  is  still  fut» 
Iher  coufirmed  by  the  late  analyses  of  the  biborate  of  magnesia 
{boracite  of  mineralogists)  in  which  100  of  boracic  auid  saturate 
a  quantity  of  base  which  contains  18-34  of  oxygen ;  that  is,  half 
the  number  found  above. 

I  was  desirous  to  confirm  this  expeiiment  .by  the  analysis  of 
the  borates  of  bavytes  and  lead ;  but  these  salts  always  gava 
variable  results  alter  a  lisiviatioii  continued  for  a  longer  or< 
shorter  time,  by  means  of  which  these  borates  are  decomposed, 
the,  water  carrying  off  a  portion  vjhich  is  at  a  different  degree  of 
saturation  from  that  which  remains,  Hesides,  the  borate  of 
barytes  pi'ecipitated  by  borax  contains  ahvays  a  greater  propor- 
tion of  acid  than  the  borate  of  soda ;  so  that  this  last  precipitate 
is  a  mixture  of  borate  and  biboratc  of  barytes, 

I  could  have  wished  to  verify  these  experiments  on  the  com- 
position of  boracic  acid  by  synthesis;  but  having  uo  boron  I tb 
my  possession,  I  was  obhged  to  give  up  the  project, 

Jixjierimetils  uii  the  prohiilih  CMi/iusiliim  of  F/iioiic  Acid,  calcti' 
latcdj'i-oiti  ils  Cupaciiy  nf  Sa/iinilioii. 
Different  chemists  have  eadenvouFed  to  determine  the  capa-* 
city  of  saturation  of  fluoric  acid  by  analysing  iluut^  of  lime.  I 
may  mention  WeuKel,  Richter,  Klaproth,  Diilton,  Thomson,  and 
Davy  ;  but  their  experiments  have  given  results  so  variable  that 
Klaproth,  for  example,  found  the  capacity  of  saturation  of  thi«. 
acid  a  third  greater  than  Dalton.  Sir  Humphry  Davy  obtained,! 
from  100  of  the  Huate  of  hme  of  Derbyshire,  by  digesting  it' 
eight  times  successively  with  suljihuric  acid,  175-2  of  gypsunui 
In  an  analysis  of  a  tluate  of  lime  from  the  iron  mine  of  Koitbetg, 
lOOparhi  o£tlid:Attate  guve  me  17ij  of  wl^inle  u£  bxb&..  V>' 
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of  opinion,  however,  that  less  confidence  shojuld  be  put  in  these 
experiments  than  in  others  made  by  Dr.  John  Davy  on  fluosilicic 
acid  and  its  combinations  with  ammonia.    These  experimenta 

S've  the  capacity  of  saturation  of  fluoric  acid  still  greater  than 
e  analysis  of  fluate  of  lime  by  Sir  H.  Davy.  I  employed  it  not 
only  to  determine  the  composition  of  some  fluates,  but  hkewise 
to  ascertain  the  composition  of  silica.  However,  the  results  of 
Dr.  Davy's  experiments  are  inaccurate,  as  I  shall  show  hereafter^ 
when  treating  of  the  composition  of  silica ;  but  the  error  result- 
ing from  it  in  the  calculations  cannot  be  immediately  discovered^ 
because  upon  the  fluates,  it  makes  a  difierence  of  only  2  per 
cent,  and  with  respect  to  the  composition  of  silica,  another 
inaccuracy  in  a  contrary  way  corrects  the  results  of  the  calcula- 
tion. How  ever,  as  it  was  necessary  for  me  to  know  with  much 
precision  the  composition  of  silica,  and  as  I  thought  that  the 
analysis  of  fluosilicic  acid  gas  might  be  serviceable  for  that 
object,  I  wished  to  begin  by  studying  the  capacity  of  saturation 
of  fluoric  acid.  To  avoid  the  objection  of  the  presence  of  silica 
in  the  fluate  of  Hme,  1  chose  for  my  first  experiments  fluate  of 
silver. 

To  prepare  it,  I  distilled,  in  a  small  platinum  apparatus,  fluate 
of  lime  with  sulphuric  acid.  The  acid  was  received  by  water  in 
a  platinum  cup.  I  then  added  carbonate  of  silver  to  the  liquid 
till  it  was  saturated.  There  fell  a  slight  greyish  precipitate  which 
I  considered  as  fluosilicate  of  silver.  The  neutral  liquid  was 
filtered  through  paper  in  a  platinum  funnel,  as  I  had  found  that 
it  corrodes  glass,  and  deposits  in  that  case  the  greyish  precipi- 
tate of  which  1  have  spoken.  The  liquid  was  then  evaporated 
and  the  mass  heated  to  redness.  It  melted,  and  continued 
always  to  give  out  fluoric  acid  gas  and  oxygen  gas,  while  metaflic 
silver  was  disengaged.  This  phenomenon  continued  as  long  as 
the  fluate  remained  exposed  to  the  fire ;  and  I  have  reason  to 
brieve  that  it  is  not  owing  to  the  presence  of  water. 

4*936  grammes  of  fused  fluate  of  silver  left,  when  dissolved  in 
water,  0*1 85  gramme  of  metallic  silver.  The  liquid  precipitated 
by  sal-ammoniac  pi\;duced  a  quantity  of  muriate  of  silver,  which 
weighed,  after  being  fused,  6*349  grammes  ;  th^t  is  to  say,  that 
100  of  fluate  of  silver  had  given  1]2'587  of  muriate  of  silver. 

9*922  grammes  of  fluate  of  silver  fused  and  redissolved  in 
water  left  0*376  gramme  of  metallic  silver,  and  furnished  10*7465 
grammes  of  muriate  of  silver.  These  two  numbers  are  to  each 
other  as  100:  112*57. 

ThesjB  two  experiments  agree  as  nearly  as  possible.  Accord- 
ing to  them,  100  of  fluoric  acid  combine  with  1021*8  of  oxide  of 
silver,  of  which  ♦he  oxygen  is  70*4,  which  in  tliis  case  ought  to 
be  the  number  which  represents  the  capacity  of  saturation  of 
fluoric  acid. 

Fluate  of  Barytes. — A  portion  of  fluate  of  soda  slightly  acid 
wzs  evaporated  to  dryness,  and  slightly  heated,  without,  how- 
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ever  being  made  red-hot ;  after  which  it  was  redissolved  in 
water,  which  left  a  slight  trace  of  Bihca  undissolved.  This  solu- 
tion was  mixed  with  muiiatG  of  barytes.  The  precipitate  sepa- 
rated on  a  filter  and  washed,  appeared  to  dissolve  in  water, 
though  in  a  very  small  proportion ;  so  that  the  water  employed  to 
wash  it  was  always  precipitated  by  sulphuric  acid.  After  having 
passed  through  it  a  quantity  of  water  sufficient  in  other  cases  to 
have  washed  such  a  portion  of  matter,  I  dissolved  a  small  tjuaa- 
tity-of  the  precipitate  in  nitric  acid.  On  pouring  in  a  small 
quantity  of  nitrate  of  silver,  muriate  ofsilverwas  precipitated  ia 
abundance.  It  appears  then  that  the  precipitate  fonned  by  the 
addition  of  Buate  of  soda  to  the  muriate  of  barytes  is  a  double 
salt  composed  of  the  two  acids  united  to  a  single  base.  1  did 
not  examine  it  more  closely  ;  but  satisfied  myself  with  ascertain- 
ing that  it  could  not  be  employed  for  the  object  which  I  had  in 
view. 

To  obtain  pure  fluate  barytes,  I  employed  a  solution  of  nitrate 
v)f  barytes,  wliich  1  poured  into  a  solution  of  fluate  of  soda,  tak- 
ing care  that  the  whole  quantity  of  fluoric  acid  was  not  precipi- 
tated. The  precipitate  bein^  washed,  dried,  and  exposed  to  tne 
fire,  gave  out  tluoric  acid  witliout  any  trace  of  the  smell  of  nitrous 
acid.  It  was  necessary  to  expose  the  salt  to  a  red  heat  repeat- 
edly before  it  ceased  to  lose  weight.  This  circumstance  would 
have  deserved  a  particular  examination,  if  the  number  of  experi- 
ments necessary  for  the  object  which  I  had  in  view  had  not 
prev-ented  me  from  touching  upon  any  thing  that  could  give  a, 
different  direction  to  my  labours. 

Six  grammes  of  this  fluate  of  barytes,  long  exposed  to  heat, 
were  decomposed  by  sulphuric  acid,  and  produced  7'9b8  grammes 
of  fluate  of  barytes.  According  to  this  experiment,  lUO  fluoric 
acid  were  united  with  6iJ7'7  of  barytes,  the  oxygen  of  which 

18  71. 

Fluate  of  Lime. — I  made  choice  of  a  fine  specimen  of  Derby-' 
shire  6uate  of  lime,  forming  a  large,  colourless,  transparent 
crystal,  which  I  considered  as, sufficiently  pure  to  deserve  to  ba 
analysed,  I  reduced  it  to  powder  upon  a  slab  of  flint,  and  I 
levigated  the  powder  with  great  caie,  so  as  to  render  it  perfectly 
impalpable. 

Ten  grammes  of  this  powder,  heated  some  degrees  above  212", 
were  exposed  in  a  platinum  crucible  to  an  incipient  red  heat 
without  any  loss  of  weight.  I  then  exposed  it  for  some  time  to 
a  red  heat,  but  still  it  lost  no  weight.  It  follovrj  from  this,  that 
when  the  water,  mechanically  adhering  to  the  powder,  has  evapo- 
rated the  fluate  of  hme,  undergoes  no  further  alteration  in  the 
fire.  1  now  mixed  the  powder  with  pure  sulphuric  acid,  employ- 
ing a  platinum  spoon,  whose  weight  had  been  determined  along 
witli  that  of  the  cnicihle.  The  first  effect  of  the  action  of  the^  ' 
Hulphuric  acid  was,  that  the  mass  augmented  considerably  ii 
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ttdnme,  and  became  gelatinous  and  semi-transparent;  as  by  asala- 
tion  in  the  acid  without  decomposition.  No  efiervescence  ixKjh 
place.  At  a  higher  temperature,  the  mass  began  to  exhale 
vapours  of  fluoric  acid  in  abundance,  became  white,  and  lost  its 
transparency  in  proportion  as  the  fluoric  acid  was  dis^n^ged. 
The  sulphate  of  lime  was  then  exposed  to  a  red  heat  to  drive  off 
the  excess  of  sulphuric  acid.  It  was  white  as  snow,  and  weighed 
17*363  gramme?^.  I  then  added  a  new  quantity  of  sulphuric  acid 
which  1  allowed  to  digest  for  some  hours  with  the  sulphate,  aud 
the  excess  of  acid  was  then  entirely  dissipated  by  the  fire.  The 
weight  of  the  sulphate  of  lime  was  not  in  the  least  increased. 

Ten  grammes  of  fluate  of  lime  treated  in  the  same  way  pro- 
duced in  a  second  experiment  17'368  of  sulphate  of  lime,  dried 
in  a  red  heat.  According  to  these  experiments,  fluate  of  lime  is 
composed  of 

Fluoric  acid 27-863   100-0 

Lime 72-137   258-9 


100-000 


The  258-9  of  lime  contain  72*7815  of  oxygen,  which  conse- 

Suently  ought  to  represent  the  real  capacity  of  saturation  of 
uoric  acid. 
In^examining  these  experiments,  we  find  that  both  the  inac- 
curacies of  the  method  of  operating,  and  the  foreign  substances 
in  the  fluate  of  lime,  ought  all  to  concur  to  render  the  quantity 
of  sulphate  of  lime  obtained  too  small;  and  that  no  other  circum- 
stance, except  the  impurity  of  the  sulphuric  acid,  could  increase 
the  quantity  of  that  salt.  To  verily  this  point,  1  evaporated  in 
a  platinum  crucible  150  grammes  of  the  sulphuric  acid  employed, 
but  the  weight  of  the  crucible  was  not  altered.  It  is  obvious 
then  that  the  analysis  of  iiuate  of  lime  has  given  a  more  exact 
result  than  that  of  the  other  fluates  analysed  above.  The  cir- 
cumstance that  the  fluate  of  lime  becomes  transparent,  and 
appears  to  combine*  without  decomposition  with  cold  sulphuric 
acid,  ought  to  guarantee  the  absence  of  silica,  as  the  slightest 
trace  of  that  earth  determines  the  immediate  disenscasiement  of 
silico-fl uoric  gas,  which  is  manifested  by  a  greater  or  smaller 
effervescence,  which  sometimes  occasions  the  mass  to  run  over 
the  vessel  in  which  it  is  contained.  It  is  probable  that  the 
reason  why  the  artificial  fluates  have  given  the  ratio  of  the  acid 
to  the  base  greater  than  the  fluate  of  lime  is,  that  they  contained 
a  small  quantity  of  silica  which  could  not  be  entirely  separated 
from  them,  and  which,  in  the  analytical  experiments,  accompa- 
nied the  fluoric  acid. 

When  we  seek  to  determine  from  the  capacity  of  saturation 
of  this  acid  what  is  the  quantity  of  oxygen  which  it  should  con- 
tain, considering  it  as  an  acid  with  oxygen,  whose  combustible 
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radical  has  never  yet  been  separated,  it  is  clear  that  this  acid 
can  only  contain  a  quantity  of  oxygen  equal  to  that  contained  in 
the  base,     fn  that  case,  fluoric  acid  will  be  composed  of 


Fluorine 27-22   100-00 

Oxygen 72-78   262-84 

(To  be  cmUnasd.) 


Article  VII. 


I 

^^^^B  Ckfmival  Anali/sis  of  the  Ctchst'uie  (Sulphate  of  Strontianj 
^^^KS^Jound  at  Kiirteii,  not  far  J'rum  Hanover.*  By  M.  GruneC^^ 
^^^v    Ober-Bei^,  Commissair  in  Hauover. 

^^™  Though  the  neighbourhood  of  Hanover  is  rather  i  ._  __ 
■  minerds,  yet  theie  has  lately  been  observed  ctelestine  both  in 

crystals  and  weathered  in  a  quarry  opened  for  procuring  materials 
iFor  mending  the  roads.  I  have  analysed  several  of  these  speci- 
mens, and  nave  obtained  results  indicating  that  they  constitute 
anew  variety  of  sulphate  of  strontian.  J 

The  place  where  this  mineral  is  found  is  at  a  village  call^n 
Norten,  about  two  hours'  journey  from  Hanover,  where  ^v4 
quarry  containing  the  sulphate  of  strontian  is  opened  at  the  foot  " 
of  a  mountain.  The  rock  in  which  it  occurs  is  a  large  grained 
floetz  limestone,  which  contains  here  and  there  petrified  encrini 
and  nunmmli,  and  thin  veins  of  galena.  The  sulphate  of  stron- 
tian hitherto  observed  passes  tlirongh  the  limestone  in  three 
perfectly  parallel  beds  ('Irummen),  distant  from  each  other  from 
24  to  30  inches,  and  inclined  at  an  angle  of  from  60°  to  70°,  The 
breadth  of  these  beds  does  not  exceed  two  inches.  In  the  first 
of  these  beds,  the  mineral  occurs  in  a  crystallized  state;  whil^ 
in  the  second  and  third  it  has  a  weathered  aspect ;  and  in  the 
third  bed  this  has  gone  so  far  that  the  mineral  has  an  earthy 
aspect.  The  first  bed  is  highly  impregnated  with  ctiiif  iron 
hydrate,  by  which  the  strontian  contained  in  it  is  coloured 
broivnish-red .  Besides,  in  these  tliree  beds,  sulphate  of  stron- 
tian is  found  hkewise  scattered  through  the  limestone  in  fine 
feathery  crystals.  m 

The  whole  of  the  first  bed  is  filled  with  the  strontian,  wbii^  I 
has  a  fohated  or  radiated  texture,  and  a  silky  lustre.     Its  colour  " 
is  usually  milk-white,  but  here  and  there  it  passes  into  bine.     In 
the  second  bed,  the  strontian  still  retains  its  form;  but  It  has 
quite  lost  its  lustre  and  its  colour.     The  change  is  still  more 
conspicuous  in  the  third  bed  where  the  strontian  has  lost  itft  _ 
form  likewise. 


'  Tramlalcd  from  Gilbcrl'iAvoalni,  vol. Ii.f.l'i. 
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The  specific  gravity  of  the  crystallized  mineral  I  found  to  be 
3-6906  at  the  temperature  of  72^®. 

The  chemical  analysis  of  this  mineral  was  conducted  by  me  in 
the  following  manner : 

(A.)  Two  hundred  grains  of  the  mineral  were  reduced  to  a  fine 
powder,  exposed  for  half  an  hour  to  a  red  heat,  and  then  weighed 
while  still  hot.     No  alteration  in  the  weight  could  be  perceived. 

(B.)  One  hundred  and  fifty  grains  of  the  mineral  were  reduced  to  a 
fine  powder  in  an  agate  luortar,  mixed  with  thrice  their  weight  of 
carbonate  of  potash,  and  heated  for  two  hours  so  strongly  in  a 
silver  crucible  that  the  mass  had  melted.  The  matter  when  cold 
was  softened  in  distilled  water,  and  then  washed  till  the  water 
employed  for  that  purpose  ceased  to  be  acted  on  by  reagents. 

(C.)  The  alkaline  solution  obtained  in  this  way  was  supersatu* 
rated  with  muriatic  acid,  evaporated  to  dryness,  the  dry  mass 
was  redissolved  in  distilled  water,  and  the  excess  of  acid  satu* 
rated  with  potash  without  any  muddiness  or  precipitate  making 
its  appearance. 

(D.)  The  earthy  residuum  was  now  treated  with  muriatic  acid, 
in  which  it  dissolves  completely,  and  the  solution  was  accompa- 
nied by  a  strong  effervescence.  Into  this  muriatic  solution  was 
added  an  excess  of  ammonia,  whereby  a  small  quantity  of  a  light 
brownish-red  precipitate  was  thrown  down,  which,  when  dried 
and  heated  to  redness  for  half  an  hour  in  a  platinum  crucible, 
weighed  0*32  gr.  I  dissolved  it  in  a  few  drops  of  muriatic  acid, 
diluted  the  solution  with  water,  and  mixed  it  with  prussiate  of 
potash,  by  which  the  iron  was  thrown  down  in  the  state  of  a 
prussiate.  The  liquid  thus  freed  from  iron  being  mixed  with 
ammonia  deposited  some  alumina,  but  the  quantity  of  it  was  so 
small  that  it  could  not  be  weighed.  This  0*32  gr.  constitutes  the 
ferruginous  alumina  with  which  the  strontian  is  mixed  in  the 
mineral. 

(E.)  The  liquid  thus  supersaturated  with  ammonia  was  evapo- 
rated to  dryness  in  a  porcelain  vessel,  the  dry  residue  was 
heated  to  redness  in  a  platinum  crucible  till  all  the  sal-ammoniac 
was  driven  off.  It  was  then  reduced  to  a  tine  powder,  and  digested 
iri  16  times  its  weight  of  alcohol.  The  alcohol  was  raised  to  the 
boiling  temperature,  and  decanted,  while  boiling  hot,  from  the 
undissolved  residuum. 

The  alcoholic  solution  on  cooling  let  fall  fine  needle-form 
crystals.  These  crystals  continued  to  be  deposited  during  the 
evaporation  to  the  very  last  drop.  The  crystals  thus  obtained 
were  divided  into  two  equal  halves.  The  one  was  employed  in 
experiments  to  learn  the  nature  of  the  salt.  It  exhibited  the 
properties  of  muriate  of  strontian.  The  remaining  half  of  the 
crystals  were  dissolved  in  water,  and  the  solution  poured  into 
the  alkaline  ley  (C)  saturated  with  muriatic  acid.  A  white  heavy- 
powder  fell,  which  was  sulphate  of  strontian.  This  regeneratea 
sulphate  of  strontian  weired,  after  being  heated  to  redness  in  a 
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platinum  crucible,  54'75  gr.     Hence  it  follows  that  the  whole 
sulphate  of  stronti an  contained  in  themineralamountsto  109'5gr. 

(p.)  The  portion  of  salt  which  did  not  dissolve  in  aicohol  was 
dissolved  in  water,  and  the  solution  evaporated  till  the  salt  was 
obtained  in  crystals.  Tliese  crystals  were  tables,  and  possessed 
the  characters  of  muriate  of  barytea.  Being  dissolved  in  water, 
and  mixed  with  the  liquid  frona  which  the  sulphate  of  strontian 
had  been  separated  by  filtration,  a  precipitate  of  sulphate  {of 
barytes  fell  down,  which,  when,  washed,  dried,  and  heated  to 
redness,  weighed  39*2J>  gr. 

From  the  preceding  experiments,  it  appears  that  the  150  gr- 
of  the  mineral  were  composed  of 

Ferruginous  alumina  <D) 0-32 

Sulphate  of  strontian  (E) 109-60 

P               Sulphate  of  barytes  (F) ^9-25 
149-07 
Loss 0-93 

150-00 
Consequently  the  constituents  in  100  parts  of  the  mineral  are  a 

^^^K  Ferruginous  alumina 0-213 

^^H  Sulphate  of  strontian 73-000 

^^H  Sulphate  of  barytes 26-166 

^^V  Loss 0-621 

100-000* 

This  ctelestine  is  remarkable  for  the  great  proportion  of  sul- 
phate of  barytea  which  it  contains.  1  have  never  before  heard 
of  any  ca^lestine  containing  more  than  two  or  three  per  cent,  of 
this  salt.  This  circumstance  induced  me  to  repeat  the  analysis 
again ;  but  I  obtained  almost  exactly  the  same  result.  We 
must,  therefore,  as  I  observed  before,  consider  this  mineral  as 
constituting  a  new  variety  of  cselestinc  hitherto  unknown. 

These  remarks  apply  likewise  to  the  weathered  cselestine  in  the 
third  bed.     1  analyzed  it  in  the  same  way  as  the  crystallized 

festine,  and  obtained  the  following  result : 
Alumina 1-00 
Sulphate  of  stronUan 24-00 
Sulphate  of  barytes 74-66 
99-66 
Loss , 0-34 

100-00 

•  ThifiiBlmoslrxaclly  seven  alonn  of  solphaleof  ilronltan  lo  Iwoawms  «f  f«U   ( 
fbalearbarytn,  IkaceiliipriitiaUclhalUMminGral  iia  cbemicalcam^uttcA.-' 
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Tlius  the  sulpfa&te  of  barytes  ia  this  mineral  exists  in  the  same 
proportion  as  the  sulphate  of  strontian  in  the  crystallized  speci- 
inens.  Is  this  owing  to  the  washing  out  of  the  sulphate  of 
strontian  by  the  action  of  water^  which  has  probably  produced 
the  alteration  observable  in  the  state  of  this  bed?  This  weathered 
mineral  may,  from  the  gieat  proportion  of  barytes  which  it 
contains,  be  considered  as  a  new  variety  of  sulphate  of  barytes. 

In  the  collection  of  minerals  exposed  to  sale  by  Mr.  Gi^issler^ 
in  Gottingen,  amateurs  may  obtain  fine  specimens  both  of  the 
foliated  caelestine,  of  the  feathp'iy  varieties,  and  of  the  weathered 
kind,  as  that  gentleman  was  the  first  person  who  examined  the 
quarry ;  and  he  supplied  himself  with  abundance  of  specimens  of 
the  strontian,  which  was  just  then  making  its  appearance. 


Article  VIII. 
Analyses  of  Books. 


Description  of  the  Process  of'  manufacturing  Coal  Gas  for  the 
Lighting  of  Streets,  Houses^  and  Public  Buildings,  with 
Elevations,  Sections,  and  Plans,  of  the  most  improved  Sorts  of 
Apparatus  now  employed  at  the  Gas  Works  in  London,  and  the 
principal  provincial  Towns  of  Great  Britain ;  accompanied 
with  comparative  Estimates,  exhibiting  the  most  economical 
Mode  of  procurirfg  this  Species  of  Light.  By  Fred.  Accum, 
Operative  Chemist,  Sec.     London,  1819. 

This  work  is  inteixled  to  supersede  a  former  treatise  written 
by  the  author  upon  the  same  subject,  hf  conveying  to  tlie  public 
a  particular  detail  of  the  newest  improvements  introduced  into 
the  manufacture  of  coal  gas,  and  a  fall  account  of  eAery  thing 
connected  with  the  subject  likely  to  interest  the  public.  Mr. 
Accum  has  had  considerable  experience  in  the  erection  of  gas 
works,  and  he  has  availed  himself  of  the  experience  acquired  in 
the  gas  works  established  in  London  and  other  places.  The 
consequence  is,  that  he  has  been  enabled  to  communicate  a 
great  deal  of  information  in  the  present  work.  I  cannot  do 
better  than  recommend  it  to  those  who  are  interested  in  such 
subjects.     It  will  fully  repay  the  trouble  of  a  perusal. 

He  has  divided  the  work  into  16  parts.  The  fi:rst  part  is 
employed  in  pointing  out  the  advantages  of  this  new  mode  of 
procuring  light.  It  is,  perhaps,  not  the  least  interesting  chapter 
of  the  book  ;  but  as  it  conveys  no  new  scientific  information,  I 
shall  pass  it  over  without  any  particular  analysis. 

The  second  part  consisting  of  only  a  few  pages  gives  the  reader 
some  idea  of  tne  mode  of  preparing  coal  gas.  This  gas  is  usually 
considered  as  carburetted  fii/drpgen  gas.    I  beUeve"  it  always 
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contains  a  portiou  of  that  gas  ;  but  I  have  never  met  with  any 
coal  gaa  consia ting  of  pure  carburetted  hydrogen.  It  has  always 
proved,  in  the  cases  wnere  1  had  an  opportunity  of  examining  it, 
a  mixture  of  carburetted  hydrogen,  carbonic  oxide,  and  hydrogen 
u^s,  the  ■proportions  of  which  vary  according  to  the  natiire  of  the 
coal  and  of  the  process.  When  the  heat  is  apphed  suddenly, 
and  when  it  amouuts  to  a  good  red  heat,  the  propprtion  of  car- 
huretted  hydrogen  is  greatest,  and  when  the  heat  is  low,  the 
proportion  of  pure  hydrogen  is  gi'eatest.  Olefiant  gas  and 
sulphuretted  hydrogen  are  probably  likewise  present;  though  in 
small  and  variable  quantity.  There  is  another  circumstance 
connected  with  this  gas,  which  has  not  hitherto  been  noticed  ;^ 
but  which  must  have  some  influence  upon  the  light  which  it 
yields.  Coal  gas  has  always  the  very  same  smell  as  the  oil  or 
naphtha  which  coal  yields  when  distilled ;  therefore,  it  obviously 
contains  a  certain  portion  of  naphtha  mixed  with  it  in  the  state 
of  vapour.  When  naphtha  is  put  in  contact  with  a  quaniity  of 
common  air,  or  indeed  of  any  gas  whatever,  a  portion  of  it 
mixes  with  the  gas  in  the  state  of  vapour,  and  commonicates  to 
it  the  peculiar  .smell  by  which  it  is  distinguished.  Gas  thus, 
contaminated  with  the  vapour  of  naphtha  is  not  easily  purified 
again.  It  may  be  allowed  to  remain  in  contact  with  water,  or 
even  passed  through  \iater  without  losing  any  of  the  naphtha 
vapour.  The  quantity  of  this  vapour  contained  in  coal  gas 
depends  upon  tlie  temperature  of  the  naphtha  and  gaa  wnen 
placed  in  contact.  At  the  temperature  of  55°  the  bulk  of  air, 
when  placed  in  contact  with  naphtha,  is  increased  3  per  cent. 
I  find  that  the  specific  gravity  of  vapour  of  naphtha  is  2*26,  that 
of  common  air  being  I'OO,  From  this  it  will  not  be  difficult  to 
determine  the  quantity  of  naphJha  with  which  coal  gas  is  usually 
contaminated.  One  volume  of  vapour  of  naphtha  for  complete 
combustion  requires  rather  more  than  2'4  volumes;  but  not 
quite  so  much  as  2-5  volumes  of  oxygen  gas. 

As  carburetted  hydrogen  gas,  carlionic  o,\ide,  hydrogen,  and 
olefiant  gases,  are  all  destitute  of  smell,  and  as  coal  gaa  has 
always  a  strong  smell  of  naphtha  from  which  it  cannot  be,  or  at 
least  has  never  yet  been  deprived,  I  conceive,  that  the  presence- 
of  the  vapour  of  naphtha  in  it  will  not  admit  of  a  doubt. 

In  the  third  part  our  author  gives  a  classification  of  pit-coal 
as  far, as  the  production  of  coal  gas  is  concerned.  I  seed 
scarcely  remark,  that  our  autlior's  division  is  very  imperfect 
indeed ;  and  that,  as  he  gives  no  description  of  tiie_  varieties 
which  he  names,  the  division,  imperfect  as  it  is,  is  of  little  or  no 
use.  For  an  idea  of  the  composition,  which  will  enable  the 
reader  to  form  some  accurate  ideas  on  the  subject,  1  refer  -to  a 
paper  of  mine  on  the  coal  found  near  Glasgow,  published  in  the 
AuHa/s  t}f  PhUosophi/,  xiv.  81,  Mr.  Accum  divides  coal  into 
three  classes : 
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1.  Those  kinds  that  contain  nmch  bitumen.  The  following 
table  exhibits  the  maximum  quantity  of  gas  obtainable  from  coals 
belonging  to  this  class : 

One  chaldron  of  coal  produces  Cubic  feet  of  gas. 

Scotch  cannel  coal 19,890 

Lancashire  Wiggan  coal , . .  19,608 

Yorkshire  Cannel  coal  (Wakefield) 18,860 

Staffordshire  Coal,* 

First  variety 9,748 

Second  variety 10,223 

Third  variety 10,866 

Fourth  variety 9,796 

Gloucestershire  coal,+ 

First  variety  (Forest  of  Dean,  High  Delph) ,  16,584 

Second  vanety  (Low  Delph) 12,852 

Third  variety  (Middle  Delph) 12,096 

Newcastle  coal. 

First  variety  (Hartley) 16,120 

Second  vanety  (Cowper's  High  Main) 15,876 

Third  variety  (Tanfield  Moor) , 16,920 

;   Fourth  variety  (Pontops) 16,112 

2.  The  second  class  consists  of  coals  containing  a  smaller 
quantity  of  bitumen,  and  more  charcoal  than  the  preceding. 
The  following  table  exhibits  the  maximum  quantity  of  gaa 
obtainable  from  coals  belonging  to  this  class  : 

One  chaldron  of  coal  produces  Cubic  feet  of  gas* 

T^eivcastlG  coal 

First  variety  (RussePs  Wall's  End) 16,876 

Second  vanety  (Bewick  and  Craister's  Wall's  End)  * .   16,897 

Third  variety  (Heaton  Main) 16,876 

Fourth  variety  (Killingsworth  Main) 16,312 

Fifth  variety  (Benton  Main) 14,812 

Sixth  variety  (Brown's  WaU's  End) 13,600 

Seventh  variety  (Manner  Main) 12,648 

Eighth  variety  (Bleyth) 12,096 

Ninth  variety  (Burdon  Main) 13,608 

Tenth  variety  (Wear's  Wall's  End) 14,1 12 

Eleventh  variety  (Eden  Main) 9,600 

Twelfth  variety  (Primi-ose  Main) 8,348 

3.  The  third  class  consists  of  coals  that  yield  little  or  no 
bitumen  when  distilled.  The  following  table  exhibits  the  maxi* 
mum  quantity  of  gas  obtainable  from  this  class  of  coal. 

•  They  require  a  mqch  higher  temperature  than  is  necessary  foj  the  decompose 
Ihftu  of  Newcastle  coal. 

i  Most  varieties  afford  a  porous  and  tery  friable  coke. 
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One  chaMrou  o(  coni  praducei  Cubic  fett  at  KBI^S 

Welch  coal, 

First  variety,  from  Tramsaren ,  near  Kidwelly 2,H6  1 

Second  variety,  fram  the  yard  vein  at  the  same  place . .  1 ,656  ] 

'  51iird  variety  from  Blenew,  near  Llandillo. 1,41S  1 

vourth  variety  from  Rhos,  near  Ponty  Barren 1,272^  J 

l^ifth  variety  from  the  Vale  of  Gwenttrath 1,292^^ 

' 'Sixth  variety  from  ditto 1,^"" 

In  Part  IV.  the  author  gives  us  an  account  of  the  retort» 
employed  for  manufacturing  coal  gas.  They  are  made  of  cast- 
iron,  and  a  cylindrical  shape  has  been  iJtimately  preferred. 
They  are  6^  feel  long,  and  1  foot  in  diameter.  Five  of  these  are 
now  arranged  in  a  kmd  of  oven,  which  are  raised  to  the  requisite 
temperature  by  means  of  three  fires  below,  and  so  contrived  that 
the  flame  plays  equally  round  the  retorts.  For  the  contrivances 
for  conveying  away  the  gas  and  separating  the  tar  and  the 
ammoniacal  liquor,  "I  must  refer  to  the  work  itself.  The  quantity 
of  coal  necessary  to  be  burned  as  fuel  in  order  to  decompose- 
100  lbs.  of  coal,  varies  from  20  lbs.  to  25  lbs. 

The  greatest  quantity  of  gas  is  disengaged  at  first,  and  the- 
quantity  of  product  diminishes  continually  during  the  proce'ss. 
But  the  author  proves  in  Part  V.  by  satisfactory  experiments 
made  on  a  large  scale,  and  repeated  for  a  sufficient  length  of 
time,  that  it  is  more  economical  to  continue  the  application  of 
the  heat  to  the  retorts  for  eight  hours  than  to  stop  after 
interval  of  six  hours. 

In  Part  VII.  the  author  shows  that  in  London  it  is  more  | 
economical  to  decompose  the  coal  by  a  strong  red  heat,  though 
the  retorts  are  sooner  destroyed,  than  to  employ  a  low  heat,  which 
yields  less  gas,   but  allows   the   retorts  to  last  longer.      The 
retorts  ought  to  be  made  ofhght-grey  cast-iron,  not  of  the  soft- 
est kind,  which  is  unable  to  resist  a  continued  heat.     They  must 
be  always"  kept  red-hot  as  long  as  they  last.     If  they  be  allowed 
to  cool,  they  waste  much  sooner.     In  London,  1000  cubic  feet  of  i 
gas  can  be  made  for  seven  shillings.     Cannel  coal  it  appears  ' 
yields  its  gas  at  a  lower  temperature  than  any  other,  and  is, 
therefore,  best  adapted  for  making  coal  gas. 

One  of  the  most  curious  parts  of  the  coal-gas  machinery  h 
what  is  called  the  horizontal  rotary  retort  invented  by  Mr.  Clegg, 
and  gradually  brought  to  perfection.  Our  author  employs  the 
seventh  part  of  his  work  m  explaining  this  curious  apparatus. 
We  cannot  do  better  than  quote  this  article  (abridging  it  a  little> 
as  ft  specimen  of  the  work,  which  is  likely  to  interest  the  reader 

Ilarhcnlol  Bttart/  Rclorti,  lutein  ^rtiHghl  into  F7ie/r>r  manufacluniig  Cnal  Gai. 

The  many  dijadvanlages  allcndanl  on  ihe  plan  of  decompnsiii^  ronl  in  mastft. 

from  five  lo  ten  incli»rln  lliirkufis,  a«  slrcady  sutHcicnlly  exposed  ill  llie  prrced- 

IdS  pant,  liud  nulurally  (he  cfl>cl  "fdefelapiiij^  a  principle  of  manuricturing  ct    ' 

gfa,  whicli  pracllce  baa  aow  tiiWy  csiablithed,  namely,  lliat  la  ilei;ani|><l*c  cuni, 
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DtKrlptioji  of  the  ITarimatalRotari/  Rtiarti  at  the  Eegal 
The  horlzunlal  rolarj  returls  a[  ibe  aojal  Mini  are  hollow  cylindeis,  ei^  fte(  ' 
bii  inches  la  diamelcr,  anil  15  inchrs  hish,  nrcbrd  a  Utile  at  Ihe  li^.  '  Tlnyare 
made  of  n  rniighuiruo  plain,  lialfaii  iiKli.lhii  k,  riVI^lled  logeihcr  in  tncaiBiiaeraf 
a  siFRin-cnsiiie  hnllcr.  A,  A,  A,  lig.  1.  Pl.ile  CIILi'ihibilS  li  perpendicular  hc. 
(Idd  of  Iberqlary  reiorl.  Tii  Gg.  S.  ihe  relorl  It  teen  fixed  iii  the  bricli-vork} 
a,  fig.  S,  shiins  the  laoulh  of  ihe  ri-lorl,  llirou°h  whivh  the  coals  ure  iniroduced, 
and  fri<m  uhi^nce  Ihc  cnke  is  wilhriraun.  II  i«  also  ilinnn  in  penpeclive-at 
B,B,B,Gg.6..   Tlie  mnulh   is  clajcd    xilh  a  ca>I-irun  door  tilled  on  air-llghl  bji 

irhe  donr  is  connected  nl  lis  upper  and  lower  eitremilics,  with  ■  frame  sOd 
e  B,  B,  6g,  S,  by  means  nf  nhieh  il  may  leadily  he  ttideil  daim 
I  of  Ihe  reiorl,  nhca  ih.c  ciinis  are  lo  be  inlrnduced,  orcukahit; 
oe  iT]iiiarnwn.     To  Ihe  upjier  rxtri'mily  of  Ihe   rod   B,  Tig.  '1,  is  Gied  a  Ictft, 
loaded  ^ilh  a  entinlerpolse  wclgbl  C,  lii  tmlance  Ihe  duar,  and  In  render  Ihe open^ 
inland  closing  nf  il  easy  and  eApedilioiis. 
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1820.]  Acciim  on  Coal  Gas.  29', 

To  Ihc  lower  «»lreiuily  of  IhcBhafl  is  kejed  a  biix,  or  cfnde  pifce(l«rhiiirall^' 
called  a  roie  cenlre],  F,  6^.  I.  It  ia  Rlsubecn  in  the  poriieDdiciilaraectinn  of  tbe' 
relnri,  fi^.S.  From  lh»  sbariradlale  IS  wruusht-imn  arms,  O,  G,  fig.  1,*  fixed  in 
■scfccit  made  in  tlic  l>ux.  Tlicseanni  arr  elevated  thr»  inctaea^bare  llie  bnltaua  ' 
of  liie  ffflurl,  and  ciLenil  to  nearly  wiiljiu  iia  whole  inner  cirimnfrrenre,  Thej 
art  wedge'^haprd,  and  their  |;[eBlest  diameter  i;  ni  riglil  nOKl^s  Id  the  base  oT  the 
retort;  inlhnl.the  weiglu  of  |be  WVi  rc^ls  on  thenxi!.  The;  are  jnlrraeFted  by- 
two  cnnceiilric  rinj>s,  ox  wilt  be  seen  on  tn<;peclint;  6g.  3,  nhich  eihibilti  the  uIud 
of  the  relorl,  Ingelber  with  Iheiruanrma,  G,  G,a(iil  caDC< 
afOg.  3,ehuHial5Ulhi:plun  of  the  ruse  ceiiire,  F,  Hg.  1, 

Bf^tween  thearmaarcijlaeril  1^2  Bhalio*  iron  Ira;'!  or  boxen,  dentiued  tu  oonlBiik 

(he  coal  fr.im  which  ihe  gas  is  to  be  oblainerl.     They  are  formed  in  Ihi 

low  circular  iray,  which,  wiicn  muliua  is  given  lo  the  shaft,  may  bemadrtoi 
revolve  within  therelorl. 

Fig.  4,  exhibits  one  of  the  thallow  triiy»,  nr  coal  baaes.  In  |iers|iective. 

It  will  be  obviDUt  that  by  the  malinu  of  tbe  hhan,  any  number  of  the  Irays, 
coal-botei,  can  re^iditj  be  brou|;iiI  frn:ii  the  coldest  into  tbe  hallest,  and  from 
iiolleil  into  the  coldest  pan  of  the  retort. 

Hi  fig.  3,anil  a,lig.  I,is  a  perpeiidiciilar  pipe  situated  at  the  margin  of  Ilie'rElt 
cloie  behiod  Lhe.  mouth -picre,  and  coosequcaiiy  iu  the  coldest  pnrl  sf  the  reti 
A  serves  in  carry  off  the  distillaiory  products  cvoivi-d  from  the  cnal,  and  cat 
part  of  Ihe.vapnuroua  tar,  which  becomes  condensed  in  it,  lo  irickic  back  agai^ 
upon  the  coal  in  the  rctnrl,  in  order  to  become  converted  inio  gas,  when  the  ca«£ 
.•n  which  it  fails  becomes  si  lusted  o^er  the  Sre-place. 

This  pipe  is  furnislied  ulita  niipereiircmily  wilti  a.  ii/drauUc  iwlre, 
cansisti  simply  of  an  inverted  cnp,  X,  applied  over  llie  upper  open  ...l.^.....j  _«    i 
the  perpeadicntar  pipe,  H,Rnd  submersed  inlu  a  cnp  formed  of  a  portloo  of  target^ 
pipe,  surrounding  the  pipe,  H,  conlaioing  tur.     Thesmntler,  or  inner  cop,  X,  !» 
repreEented  in  the  design  raised  out  of  (be  liquid  containi-d  in  the  outer  cup,  J,  tOi 
•huwan  aperture,  Y,Biade  in  tiie  smaller  itr  inner  cup  j   the  use  of  which  wilt  be 
mentioned  heredfier.     Tile  inverted  cup,  X,  is  furnislied  with  a  chain,  one  extre- 
mity of  ii'hich  is  fastened  to  the  upper  extremity  of  ihc  rup,  the  utiier  paunover-M 

K,  Sg.  3,  it  n  branch  pipe  pniceedinfr  laterally  from  the  perpendicular  pi  pe,  H  t 
it  (oniRiunicalcs  with  ilie  hydraulic  boa,  L.  H,  is  a  pipe  wliicb  proceeds  froAk 
4he  hydraulic  box,  L{  iliervtslo  cairy  anay  the  gaseous  and  liquid  prnduet* 
to  (heir  placet  of  deilinatioii. 

M,  fig.  2,  orflg.  6,  It  SB  iron  Sap  lahlc, 
mouth  of  the  reinrl.  It  it  convenient  lo  hnl>! 
(Villi  coal  in  a  stale  St  to  be  introduced  iciln  the  relnrt.  r 

Thefire-plare,  Ones,  and  ash-pit,  of  the  fornace.  in  which  the  retort  It  fixed,  am 
sufficienily  obvious,  by  mere  inspection  of  Hg.  S.  The  front  elevation  of  the  n-«irl 
is  seen  in  fig.  G,   which  exhibits  three  horizontal  retorisj  two  of  which  liave  lta> 

Thecircvlar  ring  seen  in  this  design,  at  tbe  lop  of  each  retort,  which  rests  en  inNw 
bearing  ban,  the  extreinitiei  of  which  are  let  Into  ihe  end  wnlle  uF  the  luriiacBc 
serves  lo  support  Iheronfof  the  retort  by  means  of  bolts  proceeding  from  the  ionn 
side  of  the  roof.  This  arrangement  is  ]ikewi<e  shown  in  the  seciinn,  fig.  9.  At 
tbe  bended  part  of  the  perpendicnlar  pi|ie,  H,  fig.  S,  is  seen  a  bonnet,  or  coveiv 
which  closes  an  opening  oinde  luio  Ihe  pipe,  U.ibrun^h  wliicb,  by  ueani  of  an 
iron  rod,  ihe  lower  r;[|reniiiy  of  Ihe  pipe,  H,DiBy,  from  lime  lo  lime,  be  examined, 
(o  guard  against  an  incrujlation  of  di-cnmpused  tar  or  carbanacenn^  mailer  that 
uighl  Aappen  lo  accnmulale  in  ihni  part  uf  the  pipe.  The  Dp|ier  pari  of  Ibe  plpCk 
H,  above  llie  bnnnri  nt  Ihe  bended  purl,  requires  no  examioation.  i 

6,ag.  1,  and  b,  Gg.  3,  Is  Ihe  Bunch  uf  the  relort ;  c.  &f.  I,  the  llanch  of  tli» 
nonlli-p.ieci; ;  d,  the  cdIIit,  or  wedge,  u  hich  drBws  ttie  muulh-picie  close  t  e,  1^ 
crura  bar,  a-aiust  which  lite  cutter,  d,  bears,  to  reader  tbemonlh-picce  ai[~ii(IUt 

■  Inthehorizontalrnlary  reliirtsat  the  Chetler,  Birminghnm,  and  Itci-liil  ;; 
worki,  which  ore  li  feet  8  inches  in  diameter,  there  are  15  arms.  \l  s.i'sa  <« 
wnikj,  ll^ornis  arc  made  of  cast-iron. 
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/,  flg.   1,  one  orihPcvF-biilli,  or  nrm!,   which  inppnrt  Ihc  trosi  hnr,  ;:  i(  ia  bUd 
ireo  ale  in  lhe|ilnn  of  ihcretarl,  fig.  9.    In  (bi<  figure,  b  is  Ihe  fiauch  uf  Lhe  iMorl, 


Aeliaa  and  Management  of  Ike  Umiontat  Fatari/  Rttart. 

When  ill?  Tflorl  is  healed  lo  ihe  proper  lempernlure  for  Ihedrrompiuilina  ( 
coat,  iheduor  ii  tllded  down,  and  liir  ciial-bciies  charged  wilh  imsll  coal  arcil 
into  (he  relnrt  fruBi  the  iflblr,  M,  fie- ^i  one  li;  one,  lo  that  each  box  ml>  H 
upon  Ihe  concentric  riogs  placed  beiween  the  armi  of  (he  retort ;  thf  lionr  n 
■lided  up  ugnin  lulo  iu  place,  nnd  rendered  Bir-Il|(h(  h;  memii  of  wed^e. 

When  Ihe  «hole  circle,  fig.  3,  is  ihiis  filled  iriih  eoal-lioiei  (the  coal  ihnul 
■pread  in  the  biixei,  in  lavers  two  or  tjiree  inches  in  depth),  il  it  obvious  Ihal  of  alt 

remHinine  eight  are  placed  riglil  and  leH  tonnrdt  Ihe  door  orihe  reiorl.  The 
-  ' -I  elTi^ct  of  Ihe  heat  (seethe  plan  nf  the  fire 
mining  ei|^l  boiei,  lo  which  Ihe  fire  doei 
lets  heated.  The  coal  in  Ihe  Tonr  hnxei  which  are  in  Ihe  hollesl 
or  Ihe  retorl  beeomei  rapidly  dccoHipofred,  whiln  Ihe  cnal  in  all  Ihe  other  box 
{raduail;  heated,  and  coniequcnilj'  deprived  only  of  moisture,  previoai  (d  beii 
■uhjecied  lo  the'grealest  heal.     The  box,  which  is  alti  *       ' 

pipe,  H,  Bs.  2,  near  the  entry  door,  receiies  Ihe  condeusei!  lar  which  iHcklci^ 
down  Ihe  pipe,  I). 

Now  let  un  suppose  that  Ihe  coal  in  the  four  boxes  aver  Ihe  fire  place  is  fully 
derompoied,  nhich  will  be  the  case  if  39^  IhK.  of  coal  are  in  each  box,  in  two 
hours,  Ihe  workman  then  larni  the  ahafi,  E,  fig.  9,  une-lhird  pari  oflbe  circHmfe- 
rente  oFa  circle,  by  pulling  Inwards  him  by  means  ufan  iron  hnok  ihe  nearetliron 
«rm  that  may  happen  to  lie  opposite  lo  the  door;  this  moves  [hose  boxes  which  at 
the  CO  ram  en  cement  of  Ihe  operation  were  over  the  fire-place,  towards  Ihe  coldest 
pari  of  the  retorl  j  iiamely,  towards  the  door  which  is  oppoiite  In  Ihe  fire-place, 
and  a  second  series,  or  four  nf  Ihe  adjacrni  boxes,  are  broirght  In  turn  into  the 
kfltlest  pari  of  the  relorl,  or  over  Ihe  fire-place,  from  whence  Ihe  preceding  boxei 
were  removed. 

When  the  coal  In  Ihe  second  series  of  boxes  has  been  two  hours  in  Ihe  holiest  part 
of  Ihe  relorl,  its  decomposlllun  will  bp  completed ;  the  workmau  therefore  turns- 
Abe  shaft  again  one- third  part  of  a  circle,  and  a  third  series  advances  in  their  place, 
Mhileat  the  same  time  Ihe  first  scries  becomes  siiualed  opposite  Ihe  entry  dotrr  or 
the  relorl,  from  whence  ihey  may  be  niiiidrawn  and  exchanRcd  for  an  eilia  let  or 
trays,  ready  charged  wilh  coal,  and  placed  on  the  iron  table  for  lhal  purpose. 

In  this  manner  the  operaiion  proceeds.  Cne-liiird  pari  of  Ihe  whole  charge  o9 
«oal  within  Itae  relorl  is  always  in  ihe  act  of  becnmrng  decomposed  g  another  third 
pnri  il  gradually  heated,  and  totally  deprived  of  muislure,  previous  lo  iti  being- 
«ipased  lo  ihe  temperalure  necessary  for  ils  decomposition  ;  and  the  remainias 
Xhird  part  placed  in  the  coldest  part  of  Ihe  retort  receives  thai  portion  of  laJ-, 
-which  escapes  decomposition,  and  trickles  down  Ihe  perpendicular  pipe,  In  order 
■to  be  decomposed,  when  iheenal  upon  vhich  il  falls  becomes  illnaieri  over  the  fire- 
place. Hence  the  quantity  nf  lar  oblaioed  from  one  chaldron  of  Newcastle  cub), 
-wheD  decomposed  by  meaos  of  an  horiionlal  rotary  relorl,  seldom  amounts  la  mare- 
than  00  or  70  lbs.  whereas  Ihe  same  i]unntily  of  coal,  when  decomposed  by  means 
of  cylindrical  or  porallelopi pedal  retorts,  yields  never  less  than  from  150  lo  180  lbs. 
An  horizoDial  rotary  retorl,  18  feel  6  inches  in  diameter,  and  15  inches  bigih,  foi^ 
nishes,  in  llie  iirdinary  way  of  wurkinc.  every  2i  hours,  15,000  cubic  feet  nf  urn, 
.  when  fivelrays  nflherelorl  arechniged  with  three  bushelsofNewcaitlecBBl.  Tk* 
Height  of  the  rf  lort  is  three  tonsi  Its  capacity  ISO  cubic  feet. 

The  hydrafllle  valve,  nbove  described,  serteit  merely  lo  restore  Ihe  etiailibrian 
feelween  the  gts  within  Ifae  relivt  and  (fae  almwpberic  air  wilhniil,  prevh>«  la  Ihe 
apeningnflliedoorof  Ihemi'iilhof  Iherelort.  To  efl'ect  this,  Ihe  wnrkmaa  nlM* 
the  cup,  X,  by  tneans  of  Ihe  ciinin  i  so  that  the  small  hole,  Y,  in  the  cup,  X,  b»> 
comes  raised  out  of  the  lar  in  the  cuji,  I.  and  lie  closes  it  again  w 
charged:  (his  operaliun  requires  fwomlnules.  We  have  slated  nlieady, 
dour  of  the  retort  is  ground  air-i1gh!|  and  hence  II  rcqnirer  --  •-■'-- 


already,  that  (kl|fl 
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Jdoaatagft  of  lite  :ittlhBd  e/m. 

The  advanta^i  nF  Ihe  made  of  msnuraclurinj;  coal  pi%  hj  in»ns  uf  horiionlal 
rotary  rrlarls,  cunsiit  in  asHving  or  fuel,  lime,  Isbuur,  and  macbinery,  again  in  Ibe 
quanllly  ofgan,  and  incrriiee  In  the  quantity  of  coke. 

SiiAig  of  i^ue/.— Tile  ma-s  of  rnal  sDliJecled  lo  liecompoiilinn  bein);  redureil  rran 
the  dlnensianti  required  in  ihe  old  plan  (by  means  iif  cylindrical  reioru)  to  lite  nar. 
lowest  available  limlls,  there  being  nn  uainard  crust  of  coke  lo  be  kept  redJiat 
for  houn  to  no  pnrposi',  nhile  Ihc  decompfKllion  af  the  inferior  mass  of  ennJ  i» 
going  DO  ;  th e en keilieiC being  a*  luon  at  fanned  removed  from  the  source  ai  heal, 
and  applied,  while  cooling,  [u-  warm  up  a  freah  supply  of  coal  neit  in  arder  oC 
beenming  decomposed,  inilend  of  being;  discharged  In  a  red-hot  a  late,  inio  the  open 
■air.ai  requires  to  be  dune  in  tlie  pracliee  before  detailed — the  nlmle  fuel  in  ibart 
Iwing  aecetssrily  and  beneficially  expended — thegaving  offoal  emiiloyed  a>  fuel  in 
(his  retpecl,  ii  exactly  the  gaining  of  all  that  is  luil  on  llie  plan  of  einpln>tii|; 
cjlindcical  or  no*  of  the  retorls  before  described.  Hence  one  chaldrno  of  coal  ii 
decoiBpOred  at  the  guiestablishnients  wbere  horlzunlal  rotary  retorts  are  in  action 
by  means  of  90  per  cent,  o-'fuel,  and  at  some  estatilisbinentt  an  expert  stoker  wilb 
■rork  the  retorts  with  lli  per  cent,  of  fuel. 

Saniag  of  I'iiai. — The  saving  of  Uoie  duei  not  merely  amount  to  what  19  cnnse- 
quenl  no  the  speedier  drcnnijiuiiliun  of  (he  coal,  and  the  siiving  of  thnt  heot  whicb 
formerly  required  to  be  kept  up  a  length  nf  time  to  no  adequate  purpose  ;  it  alio 
includes  all  that  is  gain^  iacnosequeuce  nf  the  revolving  molloatu  which  ihecoafc 
is  iubmiited,sHpeTseding,  as  has  been  already  nirotiuiied,  thaoecestity  of  discharg- 
ing the  coke  in  hq  ignited  slat^  from  ihcretorl. 

When  the  coke  is  removed  red-hot  from  the  cylindrical,  parnllelnpipedal,  lemLr 
cylindrical,  ur  ellipsoidal  retorts,  Ihe  chaining  of  the  dislillalury  vessel  Hith  fresh 
coal  produces  such  a  sudden  reduction  of  temperature  that  from  three  to  four  hours 
inevitably  elapse  before  Ihe  retort  is  ngriin  in  a  full  working  stale,  and  lo  thin  cir^ 
cumslance  the  workmen  (perhaps  very  justly)  attribute  the  frequent  sudden  Injarf 
nhich  the  dislillalnry  casl-iron  veiieliu^lains. 

Another  striking  advnnlage  uf  the  new  mode  of  decomposing  coal  is,  that  betides 
saving  the  time  which  is  wasted  iu  keeping  up  an  inleiise  temperature  gnneceiisariljr 
the  revnWing  apparatim  prevents  entirely  the  loss  occasioned  by  thi-te  three  or  fnuc 
kours  of  unneces^ary  cooling  uf  the  disiillalory  vessel.     For  eiich  series  uf  Irayt, 

■ufTered  to  cool  within  the  retnrt  before  the  coke  is  diiicbarged,  and  bei»^  placed  , 
in  contort  with  a  fresh  supply  of  eoal,  the  temperature  of  the  retorl  is  kept  up  uni' 
formly  ih?  same  from  beginning  to  end. 

Saaing  af  Lahvar, — In  cnniei|uence  of  the  9ii|>erior  facility  with  which  the 
mnde  of  decompaslng  coal  in  thin  layers  nnd  remnving  the  coke  as  fnsi  as  it  is 
formed  is  effecteJ,  Ihe  savinx  in  point  of  labour  is  very  great.  The  charging  and 
discharging  of  the  relurl  is  performed  in  two  minutes.  Hence  ime  chalilron  of  cobI 
nuy  bedecnmpused  by  meFjis  of  three  horiinntal  rotary  retnrts,  each  IE  feel  G  in- 

lile  10.(XI0  cubic  feet  of  Rai  cnn  onlj 
eight  bouri  by  means  of  SUcylindrioS 
felons,  attended  by  ihesame  number  nf  wnrkmen. 

Saving  nfUacMiurii. — When  we  comiiare  the  ari^inal  cost  and  wear  and  leai  of 
the  horizontal  rotary  retorts,  with  the  cost  and  deleriuiatinn  nfasel  uf  cylinrtilenK, 
jiarallelopipeditl,  eilipioidnl,  or  semi-cylindrical  retorls  of  an  et|ual  power  (tliatia 
10  say,  to  producea  like  quantity  of  gas  ina  given  limej,  a  difierence  not  less,  sUik.- 
jug  presents  itself  in  favour  of  the  hnrixonEal  retort. 

We  have  st.-ited  already  th.-it  cylindrical,  e1ll|i9Didal,  parallel  op  ipedal^  oriemln. 
cylindrical  retorts,  nben  contlnnlly  kept  in  Bctinn,  and  worked  to  thit-  gieatesfc 
^advantage,  cunnoi  be  made  to  last  longer  than  six  montht. 

Only  one-lhird  part  of  the  top  tutA  batlom  plates  of  the  rotary  relurt  beiiigeE- 
poied  In  the  action  nf  heal  are  alone  liable  to  deterioration.  It  is  snly  oeeesMW]!. 
Iherefore,  that  these  parts  of  the  vessel  be  renewed,  while  the  niher  parts  reiBUit 
sinlnjared  fnr  years.  The  new  t»p  nnd  bnltom  plutes  being  rivelled  to  the  old  noA 
uodecayed  part,  wUhont  deranging  the  rest,  the  ictorl  is  remlered  as  giiod  as  reir, 

GaUUthe  QuitnlityafGai.—A  larje  increase  in  theqiiani.'iiy  nf  gas  uhlaliieil  is» 
wUiiral  coDsequence  of  Ihe  mode  in  which  (he  dGcaia'^iosi'.iDn  of  cual '   -•^-•-' 
^^ewu  at  the  buiiiuotal  rotary  rctaci. 
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bleof  fniniiluni;  li  tSeclei  i>rnperly  ;  IhcbilamliiDiiB  |ii 
under  llip  mint  fnvuiirable  r 
BalHlien  enat,  nflvr  brij 


,  in  thin  slraia.  and  smnll  porlinnn  .11  ii  iTmi- 
-ail  of  hec'imliif;  ciiiidcnird,  arc  mailp  to  ci 
irh  in  lhl»  Ciisc  U  Ihe  rnof  nf  Ihp  trion)  kppl  ci 


Tlie  Krrnteiir  porlinn  of  tar  whlpb  Ihe  rim]  U  rapabte  af  rurnl-hinr,  IntU 

jfcB   and    olefiunl   ga".      Tlinl   pnrtiiin    of   tar   nbich    BCapcs  decampi 
GoadcnaccI  in   ihe  jierpmdlculRr  p<pr,    II,   flg.  S,  and  falls  hack  agaia 
reiDTl,  where  iMs  aUn  deronpoatd  nlicn  the  coat  upon  which  il  falls  cflnmaBM 
thc'procFs^  <>r  dKConipnsldon. 

Uenci^  Ihc  qiianiiiy  oflar  oblaincd  by  mcanii  i>rhnr1zonlHl  totnry  reloi 
■nail  I  11  irlilfim  pieced^  Ihe  prnponfnu  lie  furr -men  I  in  red,  when  th( 
HOrlnd  to  Ihe  itrentealndninLngc.  Thisquamiiy  is  cnnsldrrablj'  dimlniidied,  wkg 
Hcwcaslle  cubI,  broken  into  iileces  nf  ihr  tize  of  spMl  peup,  ii  decnoipmrd 
•trala,  not  rtceediilf  iwn  inchn  in  Ihichnm.  The  quanllly  nf  tar  afforded  h' 
cbaMrnn  uFroBl  Ihen^maunli  inSt)  Ibi.  i  while,  at  Ihe  lame  llFne,  Ihe  qunlif 
tbc  KS9  is  improved  ;  becnii>e  cnal  tar  fnrnifbei  nlpflant  gii),  nbich  ihe  coalol 
when  distilled  by  mraneofcjliodrical  or  other  ihaued  east-iron  retnrtiuf  Ihei 
fnnn,  rnnnul  pToduce,  oral  lea^t  bul  io  a  smali  quantity.  One  calton  nfciiat  U 
jieldt  iambic  feet  of  oleliant  gaf,  nhicli  gre^itly  increases  the  illiiiDinalin§:  poircr 
of  (Iw  earbti relied  hydrogen. 

Fms  what  has  been  so  far  Haled,  it  will  be  understand  nhy  one  chaldron  of 
NpwcBsile  riiai,  when  decntnpojed  by  the  new  process,  tnay  readily  be  rande  Id 
prodaee  rrnni  l5,(K]0to  1^,000  eubie  f<rei  of  pi!  and  upward',  whereas  Ihe  fame 
qaantiiy  nf  coal,  if  dercimnosed  by  Ihe  old  melhnd,  yields  only  upon  au  average 
10,000  cnbic  feel  of  Ens. 

In  Ihe  former  case,  the  greater  psrl  of  Ihc  es'ealini  oil  and  Wrwhlrb  Ibe  coal 
-wonld  havealforded  iBdecnmpiised,  asslnird  already,  by  virtue  oflliehigh  temper. 

Tdflrl.  ivhich  ii  nnl  Ihe  case  n  hen  cual  is  decompnsed  in  Ihe  relnrls  of  Ihi-  ulil  coa- 
•trBcDon. 

GKlnln  Ihe  Quanlil!;  af  Cake.— V/Jtb  (hi?  cylindrical  or  cavt-iron  relnrti  onheolA 
abapes,  Ihe  quanlity  of  coke  "hiained  from  a  civcn  qnanlity  of  coal  iBuponnnM^H 
rase  «.S  per  cent,  increase  by  measure  from  ihe  hesi  kind  at  Newcastle  aotl  S4BH 
deilnmi  coal;  hut  tukins  in'o  aeeouni  thi-  waste  Incurred  in  breaking  out  i^^f 
removinjt:  t'le  red-hot  cnkc  from  thereinrt,  which  requires  iheap|iliealton  BfraUlB^ 
and  craw  bnrii.a  ronslderablc  portiim  uf  it  (leeomes  redueed  in  duitor  breeec.AML'l 
bence  no  more  than  bulk  for  bulk  of  thr  coat  decomposed  can  seldom  be  depeniled 
upon  as  t!ie  ulttmalesalrabrr  qiranllly  nfcnke. 

In  the  new  mode  of  carboniziiiB  cnal  by  fneans  of  Ihehoriaonlal  rotary  retcrt), 
theincreaieofcokeislSOperecnt.  byraPBsnrei  sn  that  one  chnldrnn  of  Newcaitl* 
coal  pmducei  two  and  a  hnlf  chaldron  of  cnke— this  is  Ihe  qaantily  produced  oMfta 
Mn  avfrHfre.      Bui  when  Ihe  reiort  Is  v'lirhed  at  a  tempernture  to  produce  at  tfjl 
me  of  lt<,000  cubic  feet  nf  g»>  fr^^ni  Ihe  chaldron  of  coal,  the  Increu'e  of  eokejH 
neotnre  is  175  percent,  j   rn  that  en^,  Ihe  layCT^nf  coRl  In  lite  cnal -boKCi  niatt  )i^H 

Bieerd  two  inches  In  thickness ;  sn  thai  (lie  vol e  nf  coke  is  In  Ih.-  rutin  of  V^J 

4|uantily  of  fatiirodDeed,  and  l)>e  rapldiiy  and  clcinllDn   of  lemperalurr  at  wbiA 
AedecDuipotilinn  of  the  coal  IsefTecleH. 

The  coke  hrwx  wlihdriiwn  frnm  Ihe  place  where  It  is  furmed  by  merely  Himiag 
the  boxes  eontniniirg  It,  upside  down,  all  waste  is  avoided. 

With  respeut  again  to  Ihe  quality  nf  Ihe  coke,  it  »  III  be  observed  that  when  te^ 
«dbI  is  rapidiv  carbonized  in  thin  hiyers,  and  has  full  liberty  to  expand  freeiy.  In 
in  Ihe  case  of  the  horiiontal  rolary  relorl,  it  aftbrds  B  light  and  porous  £•«■■ 
whereas  )n  the  cylindrical,  parallellipipedal,  leml-cyliLidricBl,  or  el1ip»ii^H 
iOWtorti,  tbecoka  heiuK compressed,  Ihe  intense  heat  to  which  il  issii  luDgBndniM^H 
''---  1/  cipoxd,  rciideri  Ueitremclj  denii-,  atid  ofailnny  hardneu.  ^^H 
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The  iRlIer  tnrl  of  ceke  ii  unqiipslionably  prcfemble  tar  Ifae  smrller,  ami  nil 
furoBri;  n|)rrBtioiiB,  slnndlng  Ihe  blnit  iif  the  hcllowi  wttl.  But  ihe  cnke  prnijuccd 
in  the  new  mailF  of  npcralin^  is  bet'er  eiilled  fur  (lie  grpat  tnajnrily  o(  dume^lic 
|iuri>osci>,  kinilliBE  more  rcadilr,  and  mnkliiigB  mare  chfcrrul  firr.  Thccomlmmion 
■>f  the  dense,  uroi  il  ienow  cnlled.  cjlindcr  coke,  can  bf.  only  krp[  uji  when  usril 
inacammanErulc,  b}B£trongdrnr<>ifair;  und  It  is,  thet^fnrr,  noIsi>  well  iiiiled 
Tor  fuel  for  damCEIic  purpnmi,  (n  mnke  R  tuinl]  Href  bul  Ihe  coke  oblBliird  b;  ihe 
borlxunliil  rotarv  reliirt  readily  niHlnlain>i  lit  dwn  cornbnslian,  rven  nhen  )n  tninll 
musn  i  hence  It  mfty  he  used  itithoiii  anj  It.iuble,  eliiier  In  the  firp-iilnce  of  lliu 

I  may  venture  to  suggeat  a  suspicion  that  the  gas  obtained  by 
this  apparatus  will  yield  less  light  than  when  it  is  obtained  in  the 
usual  way.  My  reason  for  the  aospicion  is  the  quantity  oftiir 
decomposed  by  it,  Now  in  all  my  own  trials  to  decompose  the 
tar,  rile  gas  obtained  burned  very  badly. 

The  object  of  the  eighth  part  is  to  explain  the  contrivances 
fallen  npon  to  separate  the  sulphuretted  hydrogen  gas  from  the  coal. 
This  is  done  by  causing  the  gas  to  pass  through  a  milk  of  lime  j 
and  about  two  per  ceut.  of  lime  to  the  gas  produced  has  been 
found  sufficient  to  purity  it  when  properly  applied ;  for  the  inge- 
nious contrivances  that  have  been  adopted  to  ensure  the  purid- 
cation  of  the  gas,  I  must  refer  (he  reader  to  the  book  itself,  as, 
in  order  to  be  understood,  they  would  require  to  be  elucidated  by 
plates. 

The  ninth  part  is  occupied  with  descriptions  of  the  gasholders, 
and  with  the  veiy  ingenious  improvements  of  Mr.  Clegg  upon 
this  most  essential  part  of  the  apparatus.  His  governor,  hia 
reciprocating  safety  valve,  and  his  various  modifications  of  the 
gasholder,  deserve  the  particular  attention  of  every  person  who  in- 
tends cons  tructinganapparatus  for  procuringlight  by  means  of  gas. 

The  tenth  part  is  employed  indescribing  the  gas  meter,  a  very 
ingenious  contrivance  of  Mr.  Clegg,  by  which  the  quantity  of 
gas  formed  and  the  quantity  given  out  to  the  consumer  may  be 
accurately  measured,  I  can  only  notice  the  subjects  treated  of. 
From  the  nature  of  each  it  would  be  impossible  to  convey  an 
accurate  notion  of  them  to  the  reader  witnout  transcribing  the 
descciptjous  and  giving  tJie  plates  ;  that  is  to  say,  without  giving 
almost  the  whole  of  the  book. 

The  remaining  part  of  the  book  is  employed  in  describing  the  ,' 
regulating  gauge,  the  gas  mains  and  branch  pipes,  the  gas  lamps  j  , 
and  burners,  the  illuminating  power  of  the  gae,  and  the  quantity 
of  it  consumed  in  a  given  time.     To  give  the  reader  an  idea  of 
this  very  essential  datum,  we  quote  the  following  paragiapii : 

The  fultnninx  ptaremeiit  ublbiU  Ihe  quuolily  of  cnal  gm  consumed  in  a  e'lvtn 
time  by  dinVrenl  kinds  of  acft'iDd  lunipi.  Anaigund  burner  wliich  DicuBurei'ii>  Uiit.,, 
upper  rim  half  an  JDch  in  dlaioe'er,  tietii-eeii  ihe  hules  from  whkli  ihe  gns  Itsiirs, 
when  fumirhrcl  with  fivaaiJerlures  nne  Iweiily-fiflh  pHrt  of  an  ineh  in  dinmeler, 
consBraii  twi>  cubic  feet  af  g4)  In  bb  hour,  when  Ihe  ]^<  flame  is  oui;  and  a  half  , 
iaeh  high.  The  illuuiiiiatiu);  power  produced  b;  IhIa  buriger  ■■  vquul  in  line*  , 
tallow  caudles  eight  in  the  itound. 

An  BT^nd  burner,  Ihrte  quarler*  of  an  inch  indUmcler  between  (he  holes  in  the 
apper  rhn,  «tid  perforatnl  with  balci,.aii«.lhirtiet)^DfraDiB«hJ«: 
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suaies  three  cobic  feet  of  fas  in  an  hoar,  when  the  flaiae  it  H  ioches  kifk,  and 
prodnces  alight  eqnal  in  intensity  to  four  tallow  camU^^  eight  in  a^ooad. 

An  argand  barner,  se?en-etghth8  of  an  inch  in  diameter,  perforated-with  18  holes- 
one  thirty-second  of  an  inch  in  diameter,  consumes,  when  the  flame  of  the  gaa  b 
■  three  inches  high,  foar  cubic  feet  of  gas  in  an  hour,  and  produces  a  light  equal  in 
intensity  to  six  tallow  candles  eight  in  the  pound. 

When  the  flame  obtained  by  these  Icind  of  burners  rises  to  a  greater  height  than 
what  has  been  stated,  the  combustion  of  the  gas  is  imperfect,  the  intensity  of  the 
light  becomes  diminished,  and  there  is  a  waste  of  gas.  The  same  holds  good  with 
regard  to  the  size  of  the  iioles  from  which  the  gas  issues.  If  the  holes  be  made 
larger  than  one  twenty-fifth  part  of  an  inch  in  this  kind  of  l>urnersy  the  gas  is  not 
completely  burned,  and  its  illuminating  power  decreases. 

The  height  of  the  glass  uhicb  surroi)nds  the  flame  should  never  be  less  than  ^^e 
Inches,  and  the  interval  for  the  current  of  nir  within  and  without  the  flame  ought  to 
/bear  the  usual  proportion  adopted  for  the  combustion  of  oil  in  the  common  argand 
lamps  of  similar  diameters. 

We  have  likewise  an  account  of  the  mode  of  obtaining  Vas 
from  coal  tar,  and  gas  from  oil.    The  processes  for  distiUing 
coal  oily  and  making  carbonate  and  muriate  of  ammonia  from  the 
^mmoniacal  liquor,  are  also  given. 


Article  IX. 

Proceedings  of  Philosophical  Societies. 

ROYAL    SOCIETY. 

On  account  of  the  death  of  the  King  and  the  Duke  of  Kent 
there  was  no  meeting  of  the  Society  from  Jan.  20  till  Feb.  17. 

Feb.  17. — At  this  meeting,  Mr. E.  Davy's  paper,  on  some  Com- 
binations of  Platinum,  was  concluded.  The  principal  object  of 
this  paper  was  to  describe  a  peculiar  compound  of  platinum 
obtained  from  the  sulphate  by  the  agency  of  alcohol.  Sulphate 
of  platinum  was  boiled  in  alcohol ;  a  substance  was  precipitated ; 
which,  when  dry,  was  black,  insoluble  in  water,  and  unaltered  by 
exposure  to  air.  When  heated,  it  was  reduced  with  a  sUght 
explosion.  It  was  insoluble  in  nitric,  sulphuric,  and  phosphoric 
acids,  but  dissolved  slowly  in  the  muriatic  acid.  When  steeped 
in  ammonia,  it  acquired  fulminating  properties.  Alcohol  imme- 
diately decomposed  it,  as  was  shown  by  slightly  moistening  it 
with  that  fluid ;  such  a  heat  being  produced  as  to  ignite  the 
separated  platinum.  Hence  the  authcjr  recommended  it  as  a 
means  for  procuring  an  instantaneous  light.  §t 

When  submitted  to  analysis,  it  appeared  to  consist  almost 
entirely  of  platinum;  with  a  little  oxygen,  and  the  elements  of 
niti'ous  acid.  It  also  contained  a  small  proportion  of  carbon^ 
ivhich  the  author  considered  as  accidental.  The  nitrous  acid 
was  supposed  by  the  author  to  be  derived  from  the  sulphate  of 
platinum,  this  being  formed  from  the  sulphuret  of  platinum  by 
ihe  agency  of  nitric  acid,  ,  <       . 
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In  a  subsequent  part  of  the  paper,  Mr.  D.  described  the 
action  of  the  sulphate  of  platinum  upon  jelly,  with  which  it  fomm 
a  precipitate,  and  for  which,  in  the  author's  opinion,  it  constitutes 
the  best  test  hitherto  known.  He  then  described  an  oxide  of 
platinum  obtained  by  the  action  of  nitrous  acid  on  fulminating 
platinum.  This  oside  is  of  a  grey  colour,  and,  acccirding  to  his 
experiments,  consists  of  lOti  platinum  +  11"9  of  oxygen.  He 
considered  this  as  a  protoxide  composed  of  1  atom  metal  +  1 
atom  oxygen;  while  the  black,  oside  of  platinum  he  considered 
-as  a  compound  of  1  atom  metal  +  I4- oxygen, 

Feb.  24. — A  paper,  by  Br.  Wollaston,  was  read,  entitled,  "  On 
the  Method  of  cutting  Rock  Crystal  for  Micrometers."  A  wedge 
of  rock  crystal,  and  one  of  crown  glass,  may  be  so  combined  for 
the  purposes  of  examining  the  phenomena  of  double  refraction, 
that  the  image  of  a  lummous  object  seen  through  them  shall 
appear  in  its  true  place  by  ordinary  refraction,  accompanied  by 
a  second  image  produced  by  extraordinary  refraction.  In  conse- 
quence, however,  of  the  dispersion  of  colours,  which  arises  from 
employing  different  substances,  such  a  combination  is  not. 
adapted  for  the  micrometer  invented  by  the  Abbe  R^chon ;  but 
it  is  not  difficult  to  obtain  such  a  section  of  rock  crystal  as  may 
be  substituted  for  the  glass  wedge,  so  that  the  pencil  of  light 
shall  be  colourless  without  diminishing  the  separation  of  the 
images.  But  since  the  distance  to  which  the  double  refraction 
of  rock  crystal  separates  the  two  portions  of  a  transmitted  ray  is 
sometime^  not  sufficiently  great,  it  becomes  desirable  to  increase 
it ;  and  though  the  means  of  effecting  this  have  not  been 
published,  the  author  proceeded  to  describe  a  method  which  he 
found  to  succeed,  and  which  he  regarded  as  the  same  as  that  of 
M.  Rochon.  He  then  described  three  modes  of  cutting  wedge* 
of  rock  crystal,  so  that  the  axis  of  crystallization  shall  be  dine-, 
rently  situated  in  each.  In  the  first,  or  horizontal  wedge,  the 
axis  is  at  right  angles  with  the  surface.  In  the  second,  or 
lateral  wedge,  the  axis  is  in  the  first  surface,  and  parallel  to  its 
acute  edge.  In  the  third,  or  vertical  wedge,  the  axis  was  also 
in  the  first  surface,  but  at  right  angles  to  the  acute  edge.. 
Through  the  first  wedge  an  object  is  seen  in  the  direction  of  the 
axis,  and  does  not  appear  double  ;  but  in  both  the  others,  the 
transmitted  rays  pass  at  a  right  angle  to  the  axis,  and  they 
produce  two  images.  By  placing  two  of  these  wedges  together 
with  their  acute  edges  in  opposite  directions,  there  are  obviously 
three  modes  in  which  they  may  be  combined  in  pairs.  In  the 
first  two  cases,  the  separation  of  the  images  will  be  the  same,  or 
about  17';  but  the  third  produces  a  different  effect;  for,  by 
reason  of  the  transverse  position  of  the  axes  of  crystallization, 
the  separation  of  the  two  images  seems  exactly  doubled.  Tha 
pencil  ordinarily  refracted  by  the  first  wedge  is  refracted  extra- 
ordinarily by  t^e  second,  and  vice  versa ;  so  that  neither  of  the 
divided  peucils  letums  to  its  true  ploce^  and  uorr  <«v%  ^s^^  »>» 
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much  short  of  the  mean  as  the  other  exceeds  it,  they  are  ultimately 
s^^rated  twice  the  usual  distance,  or  to  34\  The  paper  was 
cStrticluded  with  some  further  directions  for  cutting  and  arranging 
the  prisms  for  the  above  purpose. 

March  2. — A  paper,  by  Sir  R.  Seppings,  was  begun,  on  a  new 
Principle  of  constructing  Ship&  for  the  mercantile  Navy.  In 
the  present  mode  of  constructing  ships,  only  half  the  timbers  are 
uiiit^d,  so  as  to  constitute  any  part  of  an  arch,  every  alternate 
couple  only  being  connected  together ;  the  intermediate  two 
timbers  being  connected  with,  and  resting  upon,  instead  of 
supporting  the  outer  planking.  The  mode  of  joining  the  difFe- 
ri^t  pieces  of  the  same  nb  are  also  highly  objectionable,  this 
being  at  present  effected  by  the  introduction  of  wedge  pieces, 
by  which  the  grain  of  the  rib  piece  is  much  cut,  and  the  general 
fabric  weakened  ;  besides,  there  is  a  great  consumption  of 
materials.  The  object  of  these  wedge  pieces,  or  choaks,  is  to 
produce  the  necessary  degree  of  curvature  when  crooked  timber 
18  scarce  ;  but  the  author  showed  that  this  curvature  might  be 
equally  obtained  by  a  different  arrangement  of  materials,  and 
with  less  consumption ;  of  useful  timber.  After  pointing  out 
several  other  defects  and  disadvantages  attending  the  present 
mode  of  constructing  mercantile  ships,  the  author  considered  the 
bfest  modes  of  obviating  them.  He  recommended  that  shorter 
lengths  of  timber  and  of  less  curvature  (which  will  have  the 
advantage  of  being  less  grain  cut),  should  be  employed,  and  that 
these  pieces  should  be  connected  at  their  ends  by  coaks,  or 
dowells,  instead  of  wedge  pieces. 

The  author  then  proceeded  to  point  out  the  advantages  of 
these  improvements,  and  mentioned  a  report  on  the  subject  by 
the  officers  of  Woolwich  yard,  respecting  a  ship  which  had  been 
constructed  on  the  plan  in  question.  One  great  advantage  stated 
to  attend  this  plan  was,  that  smaller  timber  may  be  employed 
than  usual  in  tne  construction  of  large  ships,  an  object  of  the 
first  importance  at  present  when  large  timber  is  become  so 
scarce.  Drawings  illustrative  of  the  different  points  aoconipa- 
nied  the  paper. 

March  9. — A  paper  was  read,  by  J.  A.  Ransome,  Esq. 
on  a  Peculiarity  in  the  Structure  of  the  Eye  of  the  Balssna 
Mysticetus.  On  removing  a  portion  of  sclerotic  coat  of  the  eye 
of  this  animal  so  as  to  expose  one  hemisphere  of  the  choroid 
coat,  the  author  opened  into  a  large  sinus  containing  a  blood- 
Tessel,  which  passed  forward  in  the  direction  of  the  iris.  On  the 
upp6r  and  lower  surfaces  of  the  sclerotica  are  two  foramina  for 
the  passage  of  vessels  ;  on  its  flat  and  posterior  surface  is  a  hole 
for  the  transmission  of  the  optic  nerve ;  and  on  each  side  corres- 
ponding with  th6  long  diameter  of  the  eye,  are  two  other  foramina 
with  large  funnel-shaped  mouths,  which  extend  through  the 
substance  of  the  coat,  and  tetmin^^  ^.t  its  junction  with  the 
^Mtaea*     These  foramina  wete  eoimd^x^di  tj^  ^x.'&asXat  ^ 
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passages  for  vessels ;  but  they  convey  two  muscles,  which,  from/ 
their  appearance  and  office,  tlie  author  proposed  to  call  arcuw* 
tores  cornea.  These  muscles  arise  from  a  large  retraotov 
muscle,  and  the  side  of  a  firm  sheath,  which  encloses  the  optaSl 
nerve,  which  retractor  and  its  sheath  are  inaerted  into  the  poBtf 
terior  surface  of  the  sclerotica.  They  then  pass  through  ihm 
-fiinnel-shaped  mouths  of  the  lateral  foramina,  as  before  meo^ 
tioned,  and  are  inserted  tendinous  into  each  side  of  the  long 
diameter  of  the  cornea,  which  is  eliptical.  The  author  suppose* 
their  use  to  be  to  adapt  the  eye  of  the  animal  for  seeing  both  ia 
air  and  water. 

March-  16. — An  abstract  of  a  paper,  by  M.  Charles  Dupin, 
was  read,  on  the  Laws  of  the  Variation  of  the  Flexibility  rf 
Canadian  Fir  Timber.  It  has  been  shown  by  Duhamel  and 
others  that  the  resistance  of  timber  against  bending  or  breaking 
is  greater  at  the  root  than  at  the  top  of  the  tree ;  but  the  mathe- 
matical law  of  this  diminution  in  the  strength  of  the  tree  from 
below  upwards  has  not  been  ascertained.  The  object  of  the 
author  was  to  investigate  this  point,  and  with  this  view  he  insti- 
tuted in  1816  a  set  of  experiments  on  the  subject,  in  the  dock- 
yards of  Dunkirk.  The  experiments  were  made  upon  priBsoK 
50  feet  long  and  one  foot  thick,  and  appear  to  have  been  con- 
^  ducted  with  great  care  ;  but  the  nature  of  the  results,  and  the 
mathematical  reasoning  founded  upon  them,  did  not  admit  of 
being  detailed. 

LIXXJEAN    SOCIETY. 

Jan.  18. — A  paper  was  read,  by  the  Rev.  R.  Sheppard,  on  the 
British  Fresh  Water  Mytili. 

Feb.  1  and  15. — The  Society  adjourned. 

Feb.  22, — A  paper,  by  Dr.  Leach,  was  read,  on  Four  New 
Genera  df  VespertdionidEc. 

,  At  this  meeting  also,  Prof.  Temminck's  paper,  on  some  Birds 
from  New  Holland  m  the  Society's  Museum,  was  continued.     .^ 

March  7.— Some  Remaiks  on  the  Shoveller  Duck  were  readlj^ 
by  Mr.  Youell,  of  Yarmouth.  ^ 

Marc/i2l. — Professor  Temminck's  paper,  on  the  Birds  from 
New  Holland,  and  Dr.  Leach's  paper,  on  the  Vespertilionida^ 
were  concluded.  ., 

A  letter,  from  W.  Butler,  Esq.  was  also  read,  on  the  Manage- 
ment of  Bees.  t 

GEOI.OGICAt    SOCIETY. 

Jan.  21. — The  continuation  of  a  paper  was  read,  "  On  the 
Coal  Fields  adjacent  to  the  Severn  ^ "  by  Professor  Buckland 
and  Rev.  W.  D.  Conybeare. 

From  the  northern  apex  at  Tortworth  where  the  west  frontier 
of  the  coal  field  meets  its  east  border  at  au.  ^-cviJifc^sv^t, 'Cc^ 
latter  is  continuous  with  its  usual  cWvact^  a*  ^m  -as. 'fe'S'®^"*-'^  n;^ 
mbere,  however,  so  low,  that  Iwtvm^  \>eett  ^asNiaS^"^  w*«tc^^ 
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lias  and  red  ground  between  this  place  and  Tortworth,  it  now 
becomes  totalty  so  from  hence  to  the  east  extremity  of  Mendip, 
with  the  exception  of  the  three  small  distant  spots  at  Lodming-* 
ton  Courts  Wick  Rocks,  and  Tracey  Park,  where  a  denudation 
of  the  has  and  red  ground  exposes  to  view  the  subjacent  continua* 
tions  of  the  calcareous  border  of  the  coal  basin  in  the  direct  line 
between  Sodbury  and  the  east  extremity  of  Mendip.  The 
remainder  of  the  calcareous  border  is  completely  buried  under 
strata  of  oolite  and  lias,  and  the  young  red  sandstone  in  the 
interval  between  Tracey  Park  and  Mells ;  and  immediately 
within  ity  shafts  are  frequently  sunk  through  horizontal  beds  of 
iias  and  red  ground  to  obtain  coal,  which  is  usually  dipping  at  a 
high  angle,  unconformably  to  the  more  recent  beds  that  cover  it. 

The  importance  of  this  district  in  demonstrating  the  relations 
of  the  coal  measures  to  the  young  red  sandstone  formation^ 
-which  have  hitherto  been  so  little  understood,  must  be  at  once 
obvious. 

It  is  probable  that  the  whole  area  of  the  South  Gloucester  and 

Somerset  coal  field  was  at  one  time  entirely  buried  by  beds  of 

.  lias  and  young  red  sandstone,  and  that  where  the  coal  measures 

are  now  visible  at  the  surface  is  in  consequence  of  the  removal 

of  the  strata  by  denudation. 

A  large  proportion  of  the  Somerset  collieries  are  won  by 
^afts  beginning  in  lias  or  red  ground  ;  so  also  is  that  of  Puckle- 
church  on  the  border  of  Kings  wood  coal  field. 

The  points  within  the  limestone  border,  at  which  the  coal 
measures  occupy  the  surface,  and  seem  at  first  sight  to  consti- 
tute distinct  coal  fields,  are  five  in  number:  as  they  are  considered 
to  be  laid  open  in  consequence  of  the  removal  by  water  of  their 
horizontal  coverings,  they  are  described  as  so  many  denudations 
made  up  of  the  central  or  Pensfold  denudation;  northern,  or 
KLingswood  ditto  ;  southern,  or  Nettlebridge  ditto ;  and  eastern, 
or  Wick  and  Newton  St.  Loo  denudation.  Of  these,  the  north- 
ern is  the  largest,  its  greatest  breadth  being  four  miles ;  these 
five  masses  of  denuded  strata  occupy  usually  the  lowest  grounds ;. 
and  the  intervening  hills  are  composed  of  horizontal  strata  of 
young  red  sandstone,  lias,  and  occasionally  of  oolite.  The  atten- 
dant coal  fields  of  Nailsea  appear  also  to  be. exposed  in  conse* 
quence  of  a  similar  denudation. 

The  strata,  whose  aggregate  composes  the  entire  coal  field  of 
South  Gloucester  and  Somerset,  are  reducible  to  three  leading 
subdivisions. 

1.  Lowest,  or  Brandon  Hill  Grit,  being  the  same  with  the 
Millstone  Grit  of  Derbyshire;  it  is  best  displayed  at  Brandon. 
Hill,  near  Bristol,  and  at  tl^e  village  of  Clifton. 

2.  Lower  coal  seems  alternating  with  beds  of  grit  and  shale^^ 
in  which  the  shale  largely  predommates. 

3.  Upper  coal  seems  altexnatinffvjiOi^  few  beds  of  shale,  and 
thick  beds  of  gritty  freestone,  oi  rewaacoX.  ^x.q»w^.    ^\>cks^^  ^'cwl 
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measures  dip  on  every  side  from  the  circumference  to  the  interior 
of  the  basia  ia  which  they  occur.  A  sinitlar  subdivision  extends 
through  the  coal  basins  of  the  forest  of  Dean  and  South  Wales,  a, 
description  of  which  will  be  next  entered  upon  in  conformity  with 
the  outline  given  in  the  introductory  paper,  or  general  view  of  the 
several  coal  fields  in  thedistricts  bordering  on  the  Severn,  of  which 
the  Somerset  and  South  Gloucester  coal  basin  form  a  part ;  this 
paper,  containing  a  general  view  of  these  several  coal  basins^ 
and  of  the  intermediate  districts  on  both  sides  of  the  Severn^ 
together  with  a  coloured  map  and  section  of  the  whole  area,  wa»  , 
laid  before  the  Geological  Society  in  Nov.  1818. 

A  paper,  by  the  Rev.  James  ^  ates,  of  Birmingham,  was  read, 
giving  "  An  Account  of  a  Varish'  of  Limestou*  found  in  Con- 
nexion with  the  Clay  Ironstone  of  Stafford  shire." 

This  peculiar  ironstone  has  obtained  the  provincial  name  of 
Curl,  from  its  pecuhar  figure,  as  consisting  of  concretions  which, 
when  united  together,  approach  more  or  less  to  the  conical  form. 
From  its  external  shape  bearing  some  resemblance  to  the  leaves 
of  a  palm  folded  over  each  other,  it  was  formerly  conceived  to 
be  of  vegetable  origin ;  but  the  author  observes  that  this  opinion 
is  evidently  incorrect.  The  curl  is  always  found  in  connexion 
with  the  bed  of  clay  ironstone,  in  thesouth-east  of  Staffordshire, 
which  is  termed  the  bottom  stone  of  the  ttewmines. 

The  author  describes  the  substance  in  question,  as  well  as  ths 
strata  to  which  it  is  attached  ;  it  generally  is  found  contiguous 
to  the  under  surface  of  the  ironstone,  and  is  connected  with  it 
by  the  apex  of  the  cone ;  but  the  author  suspects  that  in  some 
situations  it  may  be  above  this  stratum  of  ironstone,  but  still  with 
its  apex  towards  the  stratum.   . 

The  curl  occurs  in  large  masses,  forming  protuberances  from 
6  to  20  yards  in  extent,  and  from  four  inches  to  half  a  yard  in 
thickness.  It  is  firmly  attached  to  the  ironstone,  and  would 
seem  to  be  of  contemporaneous  formation. 

The  paper  was  accompanied  by  specimens. 

March  3. — A  letter  from  M.  de  la  Beche,  dated  Geneva,  was 
read,  informing  the  Society  that  he  was  sending  some  specimenB 
of  alpine  rocks,  and  mentioning  that  in  the  Museum  of  Natural 
History  at  Geneva  he  had  fountT  several  fossils  from  the  blue  Has 
of  Havre,  in  France,  which  correspond  exactly  with  those  of  tha 
blue  lias  at  Lyme,  in  Dorsetshire  ;  amongst  them  were  vertebrae 
of  the  ichthyosaurus  (the  proteo-saurus  of  Sir  E.  Home),  which 
appear  to  be  more  rare  in  the  has  of  France  than  in  that  of 
England ;  but  in  the  former,  the  remains  of  a  fossil  crocodile  haY« 
hem  found. 
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An  Analysis  of  the  Labours  of  the  Royal  Academy  of  Sciences 
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'New  Method  of  laying  the  Strands  of  Cordage,  proposed  iy 
M*  Duboul,  Master-  Ropemaker  for  the  Merchant  Service  at 
Bordeaux. — Committee,  Messrs.  Girard,  M-olard,  San6;  and 
Dutpin,  Secretary. 

To  lay  the  strands  of  a  rope  is  to  put  together  and  unite  by 
twisting,  the  elements  of  the  rope  which  they  cbH  strands,  and 
\\rhich  are  themselves  formed  of  other  srtands  twisted  tbgether; 
or  of  simple  threads  uniformly  twisted.  Duhamel-Dumonceaii 
made  a  Dlumber  of  experiments  in  our  dock-yards  in  ■oi*der  to 
appreciate  the  different  nftethods  iti  use,  which  had  been  discos 
vered  by  frequent  trials,  and  preserved  by  custom.  The  onbf 
fault  that  can  be  found  with  him  is  that  of  having  employed 
clumsy  machinery,  which  did  not  allow  him  to  attain  a  sumcient 
degree  of  precision.  ^  Dynamometers  haVe  been  constructed 
some  years  past,  updh  the  plan  of  M.  Hubert,  which  serve  to 
determine  the  strength  of  hemp.  The  torsion  which  they  can 
produce,  however,  does  riot  go  beyond  2000  kilogrammes  (one 
ton);  it  is  necessary  that  they  should  be  made  to  produce  a  tbr- 
«ion  of  100,000  kilogrammes  (60  tons),  similar  to  those  which 
have  been  constructed  in  England,  to  try  the  strength  of  iroa 
cables  and  those  of  hemp.  M.  Marestier  is  the  first  person  in 
France  who  resolved  the  problem  of  twining  hemp,  and  layii^ 
strands  of  an  indefinite  length  in  a  limited  space.  M  Chanot. 
afterwards  resolved  the*  same  problem  ;  and  by  a  remarkable 
chance,  his  solution  of  it  was  found  to  be  the  same  with  that  of 
M;  Marestier  in  ievery  important  part  of  the  mechanism.  M. 
Hubert  has  beeia  able-  to  comb  hemps  in  a  very  expeditious  and 
regular  manner,  and  to  twine  them  with  a  very  light  wheel,, 
without  any  change  of  position  either  of  the  wheel,  or  of  the 
•workman.  Lastly,  Col.  Lair  has  just  perfected  the  laying  dowii 
of  cables  by  equahzing  the  strain  that  is  necessary  to  hinder  the 
strands  of  the  cable  from  twisting  too  quick,  before  the  strands 
themselves  have  attained  the  most  advantageous  twist.  M.  Dux- 
boul,  who  has  already  shown  a  very  remarkable  talent  in  work?* 
tnanship,'  now  appears  as  the  author  of  several  methods  of 
increasing  the  strength  of  cordage.  In  general,  he  twines  his 
C6rdage  less,  and  twists  the  simple  strands  more  in  proportion  ; 
afterwards,  he  twists  less  the  first,  and  still  less  the  second  lay- 
ing down  of  the  strands.  The  Committee  discussed  the  inconve^ 
niences  and  advantages  of  these  innovations,  and  they  think 
that  the  new  proportions  given  by  M.  Duboul  merit  due  exami- 
nation,  and  that  they  ought  to  be  tried  with  a  well-made  set  of 
comparative  experiments.    T\\e  Ivfo  xv\^Q\\\xi^^  \)cvaX,  ^\.  "Duhoul 
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proposes  for  laying  down  the  strands  have,  it  is  true,  no  novelty 
m  a  mechanical  point  of  view ;  but  this  does  not  render  them  less 
useful  in  respect  to  the  making  of  ropes.  The  conclusion  drawn 
from  the  report  is,  that  the  perseverance  exhibited  by  M.  Duboul 
in  endeavouring' to  improi'e  his  manufacture,  and  the  expense 
he  is  at  for  that  purpose,  merit  the  highest  praise ;  that  his  two 
machines,  costing  but  little,  may,  in  many  cases,  be  of  use  in  the 
rope  yards  ;  and  the  different  degrees  of  twist  proposed  by  M. 
Duboul  oB'er  sufficient  advantage  iu  theory  to  merit  trial  and 
examination  with  all  the  care  and  zeal  that  mechanics,  who  are 
friends  to  the  progress  of  the  arts,  can  bestow  upon  them. 

Lamp  of  Messrs.  Giignenu  and  lirunet; — Committee,  Messre- 
Gay-Lussac,  Thenard,  and  ChariaB,  Secretary. 

Ihe  use  of  lamps  with  a  double  Current  of  air  is  become  so 
universal,  that  it  "forms  in  itself  a  very  considerable  branch  of 
tfanufaciure,  which  is  continually  increasing.  New  forms  and 
new  compositions  are  invented  every  day.  Amongst  these 
various -kinds  of  lamps,  many  of  which  answer  their  puvpose  very 
well,  there  is  one  in  particular  that  has  for  20  years  past  con-. 
stantly  remained  superior  to  the  rest,  both  with  regard  to  the 
brilhancy  of  its  light  and  the  regularity  of  its  action ;  uamelyy 
Careei's.  But  however  perfect  this  lamp  may  be,  the  expense  of 
its  workmanship,  the  dehcacy  of  its  construction,  and  the  still 
greater  difficulty  of  repairing  it,  rendered  it  desirable  that  intel- 
ligent artists  should  modify  this  lamp  in  such  a  way  as,  while  ifi 
preserved  all  its  advantages,  its  mechanism  might  be  simpUfied^ 
and  its  exectrtion,  and  especially  its  repair,  be  facilitated,  buchia 
the  lamp  of  Messrs.  Gagneau  and  Brunet,  Upon  a  comparativ* 
trial  with  one  of  the  best  of  Careei's  for  three  successive  nights,  it 
preserved  its  equality  during  lOhours.  The  newlamp  will  even  bum 
J2  hours;  but  this  length  of  time,  to  which  the  spring  will  extend^ 
is  nearly  Superfluous,  as,  at  the  end  of  10  hours,  the  wick  ia 
burned  to  a  coal.  The  duration  of  the  wick  depends  in  some 
measure  on  the  more  or  less  capillary  quality  of  the  cotton  of 
which  it  is  formed  ;  but  that  duration  depends  gtill  more  on  tha 
goodness  of  the  oil;  in  the  experiments  which  were  made,  the 
best  oil  was  always  employed.  In  an  inverted  applicatioa 
which  they  have  made  of  the  pump,  known  for  these  nundred 
years  past  by  the  name  of  le  pompe  ties  pretres,  the  authors 
nave  succeecled  in  substituting  two  diaphragms  of  oiled  silk  for 
Garcei's  pump,  and  the  friction  being  reduced  nearly  to  notliing, 
i  tallowed  of  their  omitting  two  wheels,  of  lessening  the  force  d 
the  moving  spring,  and  nevertheless  of  raising  the  oil  to  a  greater 
height.  The  introduction  of  a  reservoir  of  air  renders  this  eleva* 
tion  constant  and  uniform;  but  in  Careei's  lamp  it  is  intermitting^ 
like  the  stfokes  of  a  piston.  The  power  of  giving  to  the  bottom 
of  the  lamp  and  the  column  a  move  light  and  slender  Ibnn  is  alwk 
a  very  agreeable  i  i!J  prove  me  nt.  Another  aii\M\\a-%is\s.,  '^iwt  '^-'^ 
with  which  it  niay  be  repaired,  whenever  tVeiivi'^Vt^'^s'Ke.'tfe.Q^i 
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be  renewed.  But  a  very  important  difference,  and  one  whii^ 
will  be  favourably  received  by  the  public,  is  the  diminution  of  the 
price.  From  all  these  circumstances,  we  think,  it  right  to  infer, 
that  the  lamp  deserves  the  approbation  of  the  Academy. 

A  Treatise  upon  Wheels  for  raising  Water:  btf  M,  Navier. — 
Committee,  Messrs.  de  Prony,  Fourier,  and  Dupm,  Secretary. 

M.  Navier  undertakes  to  determine  the  proportion  between  the 
vis  matrix  and  the  effect  produced  in  rotatory  machines  for 
raising  water. 

The  principle  of  the  preservation  of  the  vis  viva  gives  a  mathe- 
matical relation  between  the  four  species  of  forces  that  remaiiL 
to  be  considered  in  the  problem,  if  we  neglect  the  fnctioD  and 
the  cohesion  of  t!ie  water,  which  indeed  are  very  little.  Tbis 
principle,  which  was  discovered  by  Huygens,  was  placed  by 
John  Bernoulli  in  the  number  of  the  fundamental  laws  of  dyna- 
mics; Daniel  made  some  fortunate  appUcations  of  it;  and  Borda 
used  it  with  great  success  in  the  calculations  of  several  machines 
of  which  water  was  the  moving  power.  In  those  which  M. 
Navier  notices,  it  is,  on  the  contrary,  the  water  which  is  raised 
by  some  other  foreign  power.  We  owe  to  Borda  the  first  exact 
calculation  of  the  vis  viva  lost,  but  he  only  gave  it  for  particular 
cases.  To  M.  Carnot  we  are  indebted  for  the  general  law  which, 
he  has  clothed  in  the  following  theorem.  "  In  every  case  of  a 
body  in  motion,  passing  from  one  situation  to  another,  the  sum 
of  the  quantities  of  action  which  have  been  during  this  interval 
impressed  by  all  the  forces  is  always  numerically  equal  to  half 
the  sura  of  the  vis  viva  acquired  at  the  same  time  by  the  differ- 
ent bodies  in  question,  plus  the  half  of  the  vis  viva  lost  by  the 
effect  of  the  sudden  changes  of  velocity,  if  there  have  been  sucb 
fJianges." 

Wheels  for   raising  water  are    divided  into   three   cli 
according  as  the  rotatory  axis  is  horizontal,  vertical,  or  inchned. 

In  the  buctet  wheel  there  is  a  vis  viva  acquired  by  the  water 
at  the  instant  one  of  the  buckets  is  filled,  and  another  lost  at  the 
instant  it  is  emptied.  From  the  above-mentioned  law  may  be 
gained  the  proportion  of  the  vis  matrix  to  the  effect  of  the 
machine  ;  and  by  a  simple  differentiation,  we  obtain  the  velocity 
that  gives  the  most  favourable  propoition. 

In  the  drum  wheel  there  is  not  any  power  lost ;  hence  this 
wheel  is  more  advantageous  than  the  preceding  one. 

M.  Navier  describes  very  minutely  the  spiral  pump  formed  by 
a  tube  of  an  uniform  or  variable  size,  bent  in  a  spiral  on  a  con*' 
whose  axis  is  horizontal.  This  ingenious  machine  has  the  very 
important  merit  of  producing  more  Dene  fie  ial  effects  in  proportion 
as  it  is  used  in  raising  water  to  a  gi-eater  height.  A  calculation 
of  M.  Navier  fixes  tiie  height  at  which  that  property  begins  to 
be  very  perceptible. 

If  we  fasten  to  a  vertical  axis  a  syphon  inclined  in  such 
mamier  as  to  rise  in  a  contrary  direction  to  the  rotaiy  raotioij. 
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tlie  lower  eod  beiog  plunged  into  water,  the  Water  will  rise  by 
ihe  effect  of  the  rotation.  The  author  also  calculates  the  efiect 
of  a  machine  formed  of  two  paraboloids,  turniog  together  on  the 
same  vertical  axis,  and  united  together  by  inclined  partitions. 

Archiniedes's  screws  form  that  kind  in  which  the  axis  is 
inclined.  Daniel  Boumouili  devoted  some  attention  to  their 
theory,  but  he  did  not  exliaust  the  subject,  as  M.  IV'avier  haa 
done.  In  respect  to  the  case  in  which  a  pipe  of  an  unifortit 
diameter,  bent  spirally  on  a  cylinder  whose  axis  is  inclined,  is 
filled  alternately  with  water  and  with  air,  he  demonstrates  in  a. 
simple  and  elegant  manner  that  the  surface  of  the  water  must  be 
a  paraboloid,  having  the  axis  of  the  cylinder  for  one  of  its  diame- 
ters, and  the  surface  of  the  water  at  rest  for  a  tangent  plane  at 
the  extremity  of  the  diameter. 

For  the  common  screw,  formed  by  the  revolutions  of  an  inter- 
nal screw,  in  a  circular  cylinder,  after  having  sought  the  quanti- 
ties of  water  contained  in  each  turn  of  the  screw,  he  draws  up 
tables  to  shorten  the  necessary  calculations,  according  as  the 
turns  of  the  screw  are  more  or  less  near,  and  their  axis  more  or 
less  inclined. 

The  very  extensive  work  of  which  we  have  just  given  an 
account,  say  the  Committee,  appears  to  us  to  be  of  the  number 
of  those  which  the  Academy  ought,  by  its  approbation,  more 
especially  to  encourage,  Tc  extend  by  an  uniform  progress  the 
iJieoretical  methods  of  appreciating  the  effects  of  machmes  is  ta 
narrow  gradually  the  circle  of  empiricism  :  it  is  to  furnish  artists 
with  general  means  of  becoming  acquainted  with  the  advantages 
and  disadvantages  they  may  hope  or  fear  from  their  inventions. 

The  Academy  has,  in  consequence,  ordered,  that  the  treatise 
of  M.  Navier  should  be  printed  in  llie  nest  volume  of  the  Savans:- 
£trengers. 

{Ta  ht  conlinmd.) 
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I,  Boiling  Springs  in  the  Island  of  St.  Lttcie- 
The  face  of  the  countiy  is  extremely  ru2;ged,  and  inter- 
sected in  all  directions  by  high  pointed  hills.  In  one  place  th&fe 
still  is  a  curious  phenomenon.  At  the  head  of  tin  extenave 
valley,  there  are  situated  a  number  of  boiling  springs,  the  oum- 
ber  of  which  varies  at  different  times,  but  generally  eight  or  tea 
of  them  discharge  water  at  the  same  time.  This,  however,  is 
quite  uncertain,  as  they  frequently  dry  up,  and  a^in  buFst 
forth,  and  flow  with  much  violence.  The  ebullition,  of  some  of 
Vol.  XV.  N"  IV.  V 
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them  is  80  strong  that,  independently  of  the  aqueous  vapour 
formed  by  the  heat,  and  which  issues  from  the  apertures,  a 
great  quantity  of  sulphureous  air  is  emitted^  and  t]xe  black 
muddy  substance  contained  in  the  basins  is  thrown  up  as  high  as 
seven  or  eight  feet.  The  efflux  of  water  from  the  springs  is 
very  scanty,  and  in  some  of  them  the  whole  supply  is  converted 
into  vapour  by  the  subterranean  heat. 

After  a  long  course  of  dry  weather,  these  springs  are  almost 
wholly  dried  up,  and  when  rain  falls,  they  bou  out  again  with 
redoubled  fury. 

Tliere  are  large  mounds  of  finely  crystallized  sulphur  in  th^ 
vicinity  of  these  springs,  and  quantities  of  a  white  earthy  sub-> 
stance  are  also  found  in  their  neighbourhood. 

The  colour  of  the  liquid  discharged  by  the  springs  is  very 
various  ;  and  what  renders  this  remarkable  is,  that  some  of  them 
are  situated  within  a  yard  of  each  other,  and  throw  out  water  of 
a  different  colour  ;  in  one  only  it  is  limpid ;  in  the  rest  it  varies 
from  a  milky  whiteness  to  a  thick  dark-black.  The  hills  in  the 
neighbourhood  of  these  springs  are4iigh,  and  some  of  them  beat 
evident  marks  of  having  formerly  been  the  seats  of  volcanic 
eruptions. 

II.  Sif^lar  Calculi  said  to  be  from  the  Urinary  Bladder  of  a 

Dog. 

A  gentleman  of  great  respectability  from  Canada,  and  a  mem- 
ber of  the  Colonial  Assembly  at  Quebec,  lately  presented  a 
number  of  round  bodies  to  the  Hunterian  Museum  m  Glasgow, 
which  he  had  received  from  a  person  residing  on  the  banks  of 
the  river  St.  Laurence.  This  person  assured  him  that  they  had 
been  taken  after  death  out  of  the  urinary  bladder  of  a  dog. 

As  soon  as  I  saw  these  bodies,  I  suspected  them  to  be  peark. 
They  are  perfectly  spherical,  about  the  size  of  mustard  seed ; 
they  have  the  lustre  and  the  weight  of  pearls  ;  but  their  colour 
is  not  good,  being  rather  dark,  and  inclining  to  yellow.  Like 
pearls,  they  are  composed  of  very  thin  concentric  coats  ;  and  I 
tbund  them  composed  of  lime  united  to  an  animal  matter.  ITius 
in  their  composition,  as  well  as  their  appearance,  they  agree 
with  pearls.  Pearls  indeed,  according  to  the  analysis  of  Mr. 
Hatchett,  are  composed  of  carbonate  of  lime  and  an  animal 
matter.  When  I  put  one  of  these  bodies  into  nitric  acid,  it 
^dissolved  slowly,  but  completely;  and  I  did  not  perceive  any 
sensible  effervescence.  Here  then  appears  a  difference  between 
our  concretions  and  pearls.  But  my  experiment  was  made  upon 
so  small  a  scale,  and  the  solution  was  so  slow,  that  I  consider 
the  difference  to  be  only  apparent  and  not  real.  The  matter 
dissolved  by  the  nitric  acid  was  pure  Ume  ;  for  it  was  not  preci- 
pitated by  pure  ammonia;  but  was  readily  precipitated  by  oxalic 
acid.  I  think,  therefore,  that  it  probably  exists  in  the  concre- 
tions in  the  state  of  carbonate  of  hme. 
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As  to  the  trutli  of  the  assertion  that  these  concretions  were 
actually  taken  out  of  the  urinary  bladder  of  a  dog,  there  seems 
to  me  to  be  some  room  for  scepticism.  The  gentleman  who 
presented  the  concretions  to  the  museum  is  a  man  of  the  highest 
respectability,  and  he  himself  firmly  believed  the  truth  of  the 
statement  which  he  gave.  He  must,  therefore,  have  entertained 
a  favoiu-able  opinion  of  the  veracity  of  the  person  from  whom  he 
received  them.  Tliere  is  no  doubt  a  possibility  that  he  may  have 
been  imposed  upon  ;  though  for  what  purpose  such  a  deception 
could  have  been  practised,  in  a  case  where  neither  profit  nor 
credit  could  redound  from  it,  and  where  the  peison  practising  it 
did  not  even  seem  to  have  been  awaie  that  such  concretions 
were  extraordinary,  it  is  difficult  to  conceive. 

The  thing  seemed  to  me  at  least  of  sufficient  importance  tiS 
deserve  to  be  recorded.     It  may  serve  to  draw  the  attention 
of  others  to  such  concretions,  if  they  should  ever  again  occur. 
111.  Naphtha/ram  Persia. 

Mineralogists  and  chemists  are  aware  of  the  existence  of 
naphtha  in  Persia,  and  of  the  many  wonderful  stories  that  have 
been  related  of  its  volatility  and  combustibility.  1  have  beeij  ' 
lately  favoured,  through  the  kindness  of  a  gentleman  who  has 
spent  many  years  in  the  neighbourhood  of  Persia,  with  a  speci- 
men of  the  naphtha  in  the  purest  state  in  which  it  occurs.  It  i;8 
colourless  as  water,  has  the  specific  gravity  0'753,  and  precisely 
the  same  smell  and  taste  as  the  naphtha  which  is  made  in  this 
country  from  the  distillation  of  coal.  Indeed  our  artificial 
naphtba  and  the  Persian  naphtha  resemble  each  other  in  all 
their  chemical  properties  as  far  as  I  have  compared  them  toge- 
ther. I  have  never  got  any  naphtha  made  in  tais  country  from 
coal  quite  so  light  as  the  Persian.  The  specific  gravity  of  the 
lowest  which  I  have  met  with  was  0'817,  but  probably  had  it 
been  rectified  once  or  twice  more,  it  would  have  become  as 
light  as  the  Persian. 

The  statements  respecting  the  extreme  volatility  of  naphtha 
have  not  been  confirmed  by  my  experiments.  The  Persian  ' 
naphtha  boils  when  heated  to  320°.  If  we  continue  the  boiling, 
the  naphtha  becomes  darker  coloured,  and  the  temperature  may 
be  made  to  rise  as  high  as  338°,  and  perhaps  even  hJElier.  Indeed 
in  a  silver  vessel  1  raised  its  temperature  to  353  .  The  same 
increase  of  temperature  takes  place  when  oil  of  turpentine  is 
kept  boiling.  'Fhere  are  two  consequences  which  may  be  drawn 
ironi  these  facts ;  and  one  or  other  of  them  must  be  the  true 
one.  Either  naphtha  and  oil  of  tnrpentine  are  composed  of  two 
distinct  liquids  differing  in  their  volatility ;  or  they  are  partially 
dacomposed  at  the  boiung  temperature.  From  the  increase  of 
colour  which  takes  place  when  naphtha  is  boiled,  one  would  be 
•disposed  to  adopt  the  second  of  the  two  alternatives. 

When  11  grain  of  Persian  naphtha  is  decomposed  in  the  usual 
by  means  of  peroxide  of  copper,  we  obVaia  Vi^  'gi'ii.-a.  "^ 
ij  1 
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water  and  6*5  cubic  inches  of  carbonic  acid  gas.  Now  the  hydro- 
gen in  1'35  gr.  of  water  is  very  nearly  equal  to  seven  cubic 
inches.  The  carbon  in  6^  cubic  inches  of  carbonic  acid  is  equi- 
valent to  6-i-  cubic  inches.  Hence  it  follows  that  naphtha  is 
composed  of 

6i-  or  13  volumes  of  carbon 
7    or  14  volumes  of  hydrogen 

By  substituting  atoms  for  volumes,  which  may  be  done  in  this 
case  without  any  error,  it  follows  that  naphtha  is  a  compound  of 

13  atoms  carbon =  9*75 

14  atoms  hydrogen =   1*75 

11-50 

The  specific  gravity  of  the  vapour  of  carbon  is  0*416,  and  that 
of  hydrogen  gas  0*0694.    Therefore, 

6^  cubic  inches  of  carbon  weigh  ..  0*822  gr. 
7    cubic  inches  of  hydrogen  weigh  0  148 

0*970 

There  is,  therefore,  in  this  analysis,  a  deficiency  of  three  per 
cent.  I  am  disposer!  to  ascribe  this  to  a  small  portion  of  azote, 
which  naphtha  seems  to  contain.  But  1  have  not  been  able  to 
satisfy  myself  experimentally  of  its  existence.  My  experiments 
are  conducted  in  copper  tubes,  subjected  to  a  red  heat.  This 
always  drives  off*  a  quantity  of  air,  varying  from  0*5  to  0*7  of  a 
cubic  inch,  according  to  the  degree  of  heat  to  which  the  tube 
and  the  peroxide  of  copper  is  subjected,  and  which  it  is  not  pos- 
sible to  raise  always  to  the  same  degree  of  intensity.  This  air 
always  contains  3^d  per  cent,  of  oxygen,  the  rest  being  azote. 
The  reason  of  this  difference  between  its  composition  and  that  of 
common  air  is  the  length  of  red-hot  copper  tube  through  which 
it  is  obliged  to  pass,  and  which  is  partially  oxidized  at  the 
expense  of  the  oxygen  of  the  conmion  air  present.  Now  0*03  gr. 
of  azotic  gas  would  not  amount  to  ^ig-th  of  a  cubic  inch,  which, 
being  less  than  the  variation  in  the  quantity  of  air  driven  off  by 
heat  when  nothing  is  heated  but  the  tube  filled  with  oxide  of 
copper,  I  have  no  means  of  determining  whether  so  small 
a  quantity  of  azote  is  disengaged  oir  not. 

I  have  observed  of  late,  mat  in  order  to  ensure  accuracy  in  the 
quantity  of  water  evolved,  it  is  necessary  to  expose  the  peroxide 
of  copper  to  a  red  heat  just  before  making  the  experiment ;  for 

5)eroxide  of  copper  has  the  property  of  imbibing  a  Uttle  water 
rom  the  atmosphere,  which  it  gives  out  again  when  heated  to 
redness. 

In  order  to  ensure  absolute  precision  in  such  experiments,  it 
would  be  necessary  to  have  the  Tae^x^  oi  ximxi^  \ikft  fi^re  every 
»e  to  exactly  the  same  mteBsity  •    \\.  V%  \^«m^^  \xfc^^'e««rj  v^ 
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have  always  the  very  same  bulk  of  peroxide  of  copper,  and  of 
muriate  of  lime,  in  the  tubes.  When  these  jDrecautions  are  not 
attended  to,  the  quantity  of  common  air  evolved  varies  so  much 
as  to  baffle  all  attempts  to  determine  the  quantity  of  azote  given 
out,  unless  it  be  very,  consider  able.  These  niceties  would  be  of 
very  httle  consequence  if  we  could  decompose  quantities  of  the 
substances  subjected  to  experiment  amounting  to  10  grs.;  but 
this  I  have  not  hitherto  been  able  to  accomplish.  1  mix  the 
grain  of  naphtha  with  a  little  peroxide  of  copper,  and  tetitdown 
into  the  bottom  of  the  t\ibe.  By  surrounding  it  with  moist  clay, 
I  keep  il  cool  till  the  further  extremity  of  the  tube  is  red-hot. 
I  then  remove  the  clay,  and  allow  the  bottom  of  the  tube  to 
become  hot  enough  to  volatilize  the  naphtha  completely.  Should 
any  ammonia  or  nitric  acid  be  formed,  they  would  be  decom- 
posed while  passing  through  at  least  )2  inches  of  red-hot 
peroxide  of  copper. 

IV.  Mount  Canigou. 

Canigou  is  a  celebrated  mountain  in  the  chain  of  the  Pyre- 
nees, situated  in  the  part  of  France  fonnerly  called  Rousillon, 
and  at  present  the  department  of  the  Pi/reiiees  Orivnlale». 
According  to  the  measurement  of  M.  MechaJn,  it  is  1431 
French  toises,  or  9160  English  feet,  above  the  level  of  the  sea.. 
It  was  long  considered  as  the  highest  mountaiu  in  thePyrenuea; 
thoMgh  it  is  now  known  that  several  exist  in  that  extensive  chain 
which  surpass  it  in  heiit  by  at  least  2000  feet.  This  mountain 
lies  west,  and  a  little  south  from  Marseilles,  at  the  distance  of 
57  French  leagues ;  yet  at  certain  seasons  of  the  year  it  is 
perfectly  visible  from  that  city.  Baron  von  Zaoh,  while  living 
in  Marseilles  in  "  '08,  resolved  to  verify  this  assertion,  which  had 
been  repeated  .  j  him  by  so  many  eye  witnesses  of  the  fact,  that 
he'had  no  reason  to  diabeheve  it.  He  considered  it  as  likely  that 
the  mountain  would  be  visible  only  at  those  seasons  of  the  year 
when  the  sun  set  directly  behind  it.  This  he  found  to  happen 
about  the  beginning  of  February  and  the  end  of  March.  Ac- 
cordingly on  Feb.  8,  1808,  he  went  towards  sunset  to  the  top  of  "i 
the  mountain  Notre  Dame  de  la  Garde,  accompanied  by  M. 
Thulis,  M.  D'Aubuisson,  M.  lleboul,  and  M.  Martin;  and 
provided  with  the  requisite  instruments  to  observe  the  mountain. 
As  soon  as  the  sun  wft  set,  the  mountain,  and  various  other' 
peaks,  appeared  so  distinctly  that  the  spectators  could  hardly 
persuade  themselves  that  it  was  the  Pyrenees  which  they  saw ;. 
but  rather  some  mountains  in  the  neighbourhood  of  Marseilles- 
Baron  von  Zach  fcund  that  the  azimuth  (or  the  angle  with 
the  hne  joining  the  Canigou  and  Mareeilles  makes  with  the- 
meridian)  of  the  highest  peak  of  the  Canigou  from  the  place- 
where  he  was  placed  was  71°  20'  8"  south  of  west ;  while  that 
of  Mont  Ventoux,  near  Avignon,  was  ^  VT  IT'  U'^^'Oa.  tS. 
—[Correspondence  Aetronoinifiue,  \.  'iVi.') 


I 


I 


310  SciemtHn  ImtdEgemce.  [Aran;, 

V.  Momt  VtmioMT. 

This  momitam  is  remaikable  (or  die  soddeooeis  of  its  dei«^ 
lion  above  the  smrooiidii^  coantrr.  It  is  of  linestoiie  ;  and  its 
heighty  as  detensined  by  fiaroo  tod  Zach,  is985^  Fcencli  toisei^ 
or  (301  Kngiish  feet,  aboTe  the  kvel  of  the  sea.  It  is  censinly, 
therefore,  one  of  the  hi^iest  limestme  nMMmtains  which  are 
known  to  exist.  The  nsoal  calcaieoos  petie&ctioiis  aboond  on 
the  south  side  erf*  it ;  but  it  is  said  that  none  are  to  be  fbond  on 
the  north  side.  If  this  be  tme,  it  is  a  Teiy  leaaikaUe  pheno- 
menon indeed,  and  seems  hardhr  susceptifale  of  explanation, 
unless  the  petrefrctions  be  confined  to  tke  su&ce  of  the  rock. 
In  that  case  we  are  at  libeity  to  suppose  that  theie  was  a  tune 
%hen  the  sea  washed  its  south  side,  iriiile  the  north  side  must 
be  supposed  to  hare  been  alwavs  screened  fiom  the  actkm  of 
that  element.  The  mountain  is  covered  with  angular  fiagmenis 
of  a  Tery  compact  limestone. 

Petrarch  was  pardv  educated  at  the  foot  of  this  mountain  at 
Caipentras.  He  ascended  it  in  1345  with  his  brother  Genrd, 
and  <m  his  return  wrote  a  spirited  account  of  his  expedition  in  a 
letter  to  his  friend  John  CcJonna,  which  is  to  be  found  MmrtM  his 
£pistol»de  Rebus  Familiaribus.  The  latitude  and  kmgitnde  q{ 
this  mountain  as  detennined  bj  Baron  Ton  Zach  is  as  ftiliows : 

latitude WW  27'6r  X. 

Longitude ....  22    56  34-4     E.  from  Ferro. 

ilbid.  p.426.) 

VI.  Pi^iiioMS  of  vanons  Places  im  the  Ccasi  of  tie  Adtiatic  Sea. 

Baron  ron  Zach  in^es  the  following  geographical  positions  of 
Tarious  places  on  the  coast  erf* the  Adnatic  Sea.  He  gires  them, 
he  says,  with  some  reserve,  and  onhr  provtsionaSy.  They  have 
been  detennined  by  two  Neapolitan  astrc^nomers.  and  doubtless 
from  the  best  data  which  they  could  procure :  but  it  does  not 
appear  that  these  astronomers  detennined  any  of  the 
bv  obserratiocs  of  their  own. 


Andria 4P  15' 14^     er 

Ascoli 41  ?   13     20 

Barletta 4L  19 

Bari aP  S   

Brirdisi 40  40   

Chicti 40  -20 

GalbpoG 41  3   

La«»no 42  12   

40  22   16     17 

41  39  13    43 

41  13   14    27 

40  58   15     15 

.   ,    4A  %   ^%   ^ 


14 

8 

14 

47 

16 

1 

11 

55 

16 

5 
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Longlladr.  Latiludc. 

Pescara 42°  26' 11"  BST 

Trani 41     17    14  15 

Vasti 42       7    12  25 

Viesti 41     56    12  65 


VII.  Sruchie. 


{Ibid.  p.  463.) 


The  discovery  of  the  alkaline  pcopertiea  of  morphia,  for  whicfc 
we  are  indebted  to  Sertiirner,  has  drawn  the  attention  of  che- 
mists  to  the  discovery  of  vegetable  substances  capable  of  neutra.- 
lizing  acids,  aod  of  course  possessed  of  alkaline  properties, 
]VIM.  Pelletier  and  Caventou  have  particularly  distinguiehed 
themselves  in  these  researches.  Our  readers  are  already  aware 
of  the  discovery  of  two  new  vegetable  alkalies,  to  which  the 
names  of  vauqueline  and  stri/c/inine  have  been  given.  Pelletier 
and  Caventou  have  lately  discovered  another,  to  which  they  have 
given  the  name  of  Brucine,  from  Mr.  Bruce,  the  Abyssiniaa 
traveller,  who  first  made  known  the  tree  from  the  bark  of  which 
the  new  alkaline  substance  is  obtained.  This  bark  is  known  by 
the  name  of  false  angmtura. 

To  obtain  brucine,  the  bark  of  the  false  angustura  {br^cea  artti- 
di/senteiicus)  was  treated  in  the  Brst  place  with  sulphdric  ether 
to  get  rid  of  a  fatty  matter  which  it  contains.  It  was  then 
subjected  to  the  action  of  alcohol.  The  alcoholic  solutions  were 
evaporated  to  dryness,  the  dry  residue  was  dissolved  in  water, 
and  the  solution  mixed  with  subtritacetate  of  lead  (Goulard's 
extract)  which  threw  down  the  greatest  part  of  the  colourine 
matter.  The  excess  of  lead  was  got  rid  of  by  a  current  of  sul- 
phuretted hydrogen  gas.  By  this  means  the  liquid  was  rendered 
nearly,  but  not  completely,  colourless  The  brucine  was  not 
precipitated  by  ammonia,  and  all  attempts  to  procure  it  in  a  state- 
of  purity  were  long  unsuccessful ;  at  last  our  experimenters 
succeeded  by  the  following  manner :  The  brucine  was  saturated 
*ith  oxalic  acid,  and  the  solution  evaporated  to  dryness.  The 
dry  mass  was  digested  in  absolute  alcohol  of  the  temperature  or 
32°,  which  dissolved  the  colouring  matter,  and  left  the  oxalate 
of  brucine  in  the  state  of  a  fine  white  powder.  The  oxalate^ 
when  treated  with  hme  or  magnesia,  is  decomposed,  and  the 
brucine  disengaged.  It  was  dissolved  in  boiling  alcohol,  and 
obtained  in  crystals  by  the  slow  evaporation  of  the  liquid.  Thua 
obtained  in  a  state  ofpurity,  it  possessed  the  followingproperties:. 

Its  crystals,  when  obtained  by  slow  evaporation,  are  oblique' 
prisms,  the  bases  of  which  are  parallelograms.  When  deposited 
from  a  saturated  solution  in  boiling  water  by  cooling,  it  is  in  bulky 
plates  somewhat  similar  to  boracic  acid  in  appearance.  The 
alcoholic  solutions  are  apt  to  deposit  it  in  the  form  of  mushrooms. 
In  the  last  two  states,  it  is  very  bulky,  Tetainiu^  a. '^e.'*- ft*^ *^'V 
water,  which  may  be  forced  out  by  conv^reiw.Q'a.  \\. 'Ca-W^-^easc 
"■'"'■""  very  much  in  volume.  ^^^_ 
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Brucine  is  soluble  in  500  times  its  weight  of  boiling  wat^,  and 
in  850  times  its  weight  of  cold  water.  The  colouring  matter 
ivith  which  it  is  united  in  the  bark  increases  its  solubility  very 
much.     Hence  the  difficulty  of  purifying  it  by  crystallization. 

Its  taste  is  exceedingly  bitter  and  acrid,  and  continues  long- 
in  the  mouth.  When  administered  in  doses  of  a  few  grains^  it 
18  poisonous,  and  acts  upon  animals  in  the  same  way  as  strych- 
nine, but  with  a  great  deal  less  energy. 

It  is  not  altered  by  exposure  to  tne  air :  it  may  be  melted  by 
heat  without  undergoing  decomposition,  and  then  assumes  the 
appearance  of  wax.  It  melts  at  a  temperature  a  little  higher 
than  the  boiling  point  of  water.  The  crystals  deposited  &om 
alcohol  sometimes  melt  at  a  much  lower  temperature ;  but  this 
anomaly  is  owing  to  a  portion  of  alcohol  retained  between  the 
plates  of  the  crystals. 

Brucine,  when  exposed  to  a  strong  heat,  is  decomposed. '  The 
products  are  much  empyreumatic  oil,  a  little  water  and  acetic 
acid,  carburetted  hydrogen,  and  a  little  carbonic  acid.  No  trace 
■pf  ammonia  can  be  detected  among  the  products.  When  heated 
with  peroxide  of  copper,  it  yields  only  carbonic  acid  and  water, 
Tvith  scarcely  a  trace  of  azote.  Hence  it  can  contain  only  car- 
Ion,  hydirogen,  and  perhaps  oxygen.  Rut  Pelletier  and  Caventou 
have  not  yet  succeeded  in  determining  the  proportion  of  its 
constituents. 

It  combines  with  the  acids,  and  forms  both  neutral  and  bisalts. 
Both  of  these  sets  of  salts,  but  especially  the  latter,  crj^stallize 
-with  facility. 

1.  Sulphate  of  Brucine. — Brucine  dissolves  readily  in  sulphu- 
ric acid,  and  is  capable  of  forming  with  it  a  neutral  salt.  This 
salt  crystallizes  in  long  slender  needles,  which  appear  to  be  four- 
sided  prisms  terminated  by  pyramids  so  fine  that  their  shape 
could  not  be  determined  even  by  employing  powerful  magnify- 
ing glasses.  It  is  very  soluble  in  water,  and  somewhat  soluble 
in  alcohol.  Its  taste  is  very  bitter.  It  is  decomposed  by  potash, 
soda,  ammonia,  barytes,  strontian,  lime,  and  magnesia.  It  ia 
decomposed  likewise  by  morphia  and  strychnine,  which  dissolve 
readily  by  uniting  to  its  acid. 

No  acid  is  capable  of  decomposing  this  salt,  except  strong 
nitric  acid,  which  acts  upon  the  brucine,  and  decomposes  it, 
formift^  a  fine  red  colour.     It  produces  the  same  alteration  of" 
colour  upon  strychnine  and  morpnia. 

The  bisulphate  of  brucine  is  less  soluble  in  water,  and  crystal- 
lizes more  readily,  than  the  neutral  sulphate.  The  neutral  sul- 
phate of  brucine,  according  to  the  analysis  of  Pelletier  and 
Caventou,  is  composed  of 

Sulphuric  acid 8-84   9-697   5-000 

Brucine 9M6  100-000  ......  61-582 

100^ 
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Tlua  would  mate  the  weight  ofan  integrant  particle  of  bnicine 

5y"582,  a  much  higher  number  than  belongs  to  any  other  saline 

base  hitherto  determined ;  bnt  no  great  stress  can  be  laid  upon 

the  preceding  determination. 

2.  Muriate  of  Brucine. — Brucine  dissolves  readily  in  muriatic 
■acid.  The  solution  yields  crystals  with  facility,  the  shape  of 
■which  is  a  four-aided  prism,  terminated  at  each  end  by  an  oblique 
face.  It  is  not  altered  by  exposure  to  the  air,  and  is  very  soluble 
in  water.  When  heated  to  the  temperature  at  which  vegetable 
"bodies  begin  to  be  altered,  it  is  decomposed,  and  the  muriatic 
ftcid  is  disengaged  in  a  white  smoke.  It  is  decomposed  by 
■sulphuric  acid.  Nitric  acid  produces  the  same  effect  upon  it  in 
upon  the  sulphate.     Its  constituents  are : 

Muriaticacid 5-95J3    6-331    4-626. 

Brucine 94-0467    lOO-OOO   73-06^ 


1 


100-0000 


I 


According  to  this  analysis,  the  equivalent  number  for  brucine 
is  73-053,  which  is  nearly  one  half  greater  than  the  number 
obtai'ned  by  the  analysis  oF  the  sulphate  of  brucine.  This  prodi- 
■gious  discordance  between  the  results  obtained  from  two  different 
salts  demonstrates  the  inaccuracy  of  the  analyses  of  Pelletier  and 
Caventou. 

3.  Fhospkate  pf  Brucine. — Brucine  dissolves  readily  in  phos- 
phoric acid.  The  neutral  sait  does  not  crystallize;  but  the 
Diphosphate  yields  large  crystals  with  facility.  These  crystals 
are  rectangular  tables  with  bevelled  edges.  The  salt  is  very 
soluble  in  water ;  when  exposed  to  the  air  they  effloresce  slightly. 
In  strong  alcohol  these  crystals  dissolve  with  difficulty,  and  in 
email  quantity.  Hence  alcohol  may  be  employed  to  purify  the 
phosphate  of  bruciue  by  depriving  it  of  its  colouring  matter,  if  it 
has  not  been  got  rid  oi'before.  | 

4.  Nitrate  of  Brucine. — Neutral  nitrate  of  brucine  does  not  j 
crystallize  ;  but,   when  evaporated,   assumes  the  form  of  gum,  f 
The  binitrate  of  brucine  crystallizes  with  facihty  in  acicular  four-  ' 
Bided  prisms,  terminated  by   dihedral  summits.     When   these 
crystals  are  heated  sufficiently,  they  catch  fire  and  burn,  as  ii 
the  case  with  binitrate  of  strychnine. 

When  brucine  is  digested  in  a  still  greater  quantity  of  nitric 
acid,  a  fine  red  colour  is  developed.  The  same  phenomenon 
appears  with  strychnine,  but  the  shade  of  colour  is  different. 
When  either  of  these  red  liquids  is  heated,  it  becomes  yellow. 
Protomuriate  of  tin  droppecf  into  the  yellow  liquid  from  strych- 
nine occasions  a  dirty-brown  precipitate,  whereas  in  the  yellojr 
liquid  from  brucine,  it  strikes  a  very  intense  and  beautiful  purple. 

5.  Other  Salts. — Acetate  of  brucine  is  very  soluble,  and  doe» 
not  seem  capable  of  crystallizing. 
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Oxalate  of  brucine  ciystaUizes  in  loi^  needles,  espedAHjF  wlien 
it  ciMitains  an  excess  of  acid. 

Brucine  is  very  soluble  in  alcohol;  but  it  is  insoluble  ia 
sulphuric  ether  and  the  fixed  oils,  and  yery  little  soluble  in  the 
volatile  oil8«  When  administered  internally,  it  produces  tetamur^ 
and  acts  upon  the  nerves  without  attacking  the  brain,  or  affecU 
ing  the  intellectual  faculties.  Its  intensity  is  to  that  of  stryclir 
oine  as  1  to  12. — (See  Joum.  de  Phann.  Dec.  1819,  p.  529.) 

YIIL  Equivalent  Numbers  for  Morphia,  Strychnine,and  Brucine^ 

Pelletier  and  Caventou  have  analysed  the  sulphates  of  brucine^ 
strychnine,  and  morphia,  respectively,  and  found  the  compositioa 
of  each  as  follows : 

1.  Sulphate  of  Brucine, 

Sulphuricacid 8-84     9-697   6-000 

Brucine 9M6     100-000   ......  61-682 


100-00 


2.  Sulphate  of  Strychnine. 

Sulphuric  acid, 9-6       lQ-486   ......   '6-000 

Strychnine 90-5       100-000   47-682 

100-0 

3.  Sulphate  of  Morphia. 

Sulphuric  acid 11-084   12-465   6-000 

Morphia 88-916   100-000   40-112 

100-000 

According  to  these  analyses,  the  equivalent  numbers  for  these 
substances  are  the  following  : 

Brucine   51-582 

Strychnine 47-682 

Morphia 40-112 

If  the  reader  will  compare  these  analyses  with  the  analyses  of 
the  salts  of  morphia  by  Choulant,  which  will  be  found  in  the 
Annals  of  Philosophy y  xiii.  154,  he  will  see  what  an  enormoiis 
difference  there  is  between  the  two  results.  It  is  so  great  indeed 
as  to  be  quite  inexplicable,  and  prevents  the  possibility  of  put-^ 
ting  much  confidence  in  either  of  them.  Further  researches  are 
requisite  before  we  can  fexpect  any  precise  knowledge  of  these 
bodies.  Hie  first  step  ought  to  be  a  careful  analysis  of  the 
bodies  themselves.  This  once  known,  it  would  be  much  easier 
Jto  determine  how  much  of  each  is  requisite  to  saturate  a  deter- 
minate quantity  of  sulphuric  acid,  which  would  give  us  the 
equivalent  number  for  each. 
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XI.  Bristol  Literary  and  Philosophical  Institution. 

On  Feb.  29,  the  ceremony  of  laying  the  foundation  stone  of  a 
new  and  magnificent  building  for  literary  and  philoBopbical 
purposes  in  Bristol  was  attended  by  the  Mayor,  W.  Fripp,  Jun. 
Esq.  the  Sheriffs,  and  a  numerous  assemblage  of  gentlemen, 
some  of  the  most  distinguished  for  wealth  and  talent  in  Bristol. 
The  company  met  their  Chief  Magistrate  at  the  Council  House, 
and  thence  proceeded  with  a  band  of  music,  and  the  insignia  of 
the  city,  to  the  ground ;  and  afterward  returned  in  similar  proces- 
sion to  the  Merchants'  Halls  to  dinner. 

The  site  of  this  building  is  at  the  west  end  of  the  bottom  of 
Park-stieet,  one  of  the  finest  streets  in  Bristol.  It  is  intended 
for  the  building  to  "  contain  a  spacious  lecture  room,  with 
laboratory  adjoining;  a  room  of  noble  dimension  destined  for  a 
library  ;  two  apartments  which  may  be  appropriated,  the  one  for 
an  exhibition  room,  the  other  for  a  museum  ;  a  reading  room  for 
reviews,  pamphlets,  newspapers,  Scc^  some  other  apartments 
for  subsidiary  purposes,  and  accommodation  for  a  resident  guar- 
dian of  the  building." 

It  has  been  for  several  years  in  contemplation  to  form  a  philo- 
.sophical  society  in  Bristol,  after  the  example  of  London,  Edih* 
burgh,  Liverpool,  Dubhn,  and  some  other  great  towns  of  the 
empire ;  but  from  the  intervention  of  some  causes  or  other  circum- 
stances have  continually  occurred  to  delay  the  execution  of  so 
desirable  an  object.  There  is  now,  however,  but  little  doubt, 
from  the  zeal  which  is  manifested  by  the  inhabitants  of  Bristol, 
for  adding  so  useful  an  Institution  to  the  city,  and  so  great  an 
ornament  to  its  taste  and  opulence,  that  what  the  friends  of  this 
Institution  have  been  so  long,  so  sedulously,  and  so  laudably 
endeavouring  to  effect  will  be  attended  with  the  completest 
success.  It  is  imnecessary  to  enter  into  a  detail  of  the  advan* 
tages  to  society,  commerce,  and  the  arts,  which  have  been 
uniformly  derived  in  other  places  from  establishments  of  this 
kind ;  they  are  too  familiar  to  eveiy  well  informed  mind  to  need 
any  conmient  or  observation.  Justice,  however,  requires  it 
should  be  known,  that  the  patrons  of  this  Institution  have  formed 
their  plana  upon  the  broadest  basis  of  enlightened  liberality. 
Besides  the  cultivation  and  diffusion  of  the  nobler  sciences,  and 
the  prosecution  of  whatever  is  likely  to  be  of  real  service  or 
utility  to  the  community  and  the  rising  generation,  they  intend 
to  make  this  Institution  a  focus,  in  which  to  collect  and  concen- 
trate, not  only  the  scattered  rays  of  the  genius  and  ability  of 
Bristol,  but  also  of  all  true  lovers  of  scientific  pursuits  ;  to  con- 
fine their  patronage  to  no  particular  branch  or  branches  of 
sciences,  but  to  extend  and  afford  the  utmost  encouragement  for 
the  development  of  talent  in  every  department  of  useful  know- 
ledge  and  literature. 
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Article  XI. 

Astronomical,  Magnetical,  and  Meteorological  Observations^ 

By  Col.  Beaufoy,  F.R.S. 

Bushey  Heath,  near  Stanmore. 

Latitude  5P  SV  44*27"  North.    Longitude  West  in  time  1'  20*93". 


Astronomical  Observation. 

Immeriion  of  ;^  Lconis lO**  25'  40''  Mean  Time  at  Boshey. 


Magnetical  Observations,  1820.  —  Variation  West. 


Morning  Observ. 

Noon  Observ. 

Evening  Obserr. 

Month. 

« 

Hour. 

Variation. 

Hour. 

Variation. 

Hour. 

Variation. 

Feb.  1 

8h  45' 

240  31'    56" 

|ii 

?5' 

240  39' 

45" 

'i 

9 

8    50 

24    33     02 

15 

24    36 

14 

V 

s 

3 

8    50 

24    31     59 

20 

24    37 

08 

B 

4 

8    45 

24    31     19 

20 

24    37 

08 

S 

o 

5 

8    50 

,  24    32    23 

50 

24    37 

25 

6 

8    50 
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In  taking  the  mean,  the  morning  observation  on  the  12tb 
h  rejected,  being  unusually  great,  for  which  there  was  no  appa* 
rent  cause. 
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Month. 
Feb. 


{ 
{ 
{ 


22 


f3 


94 


25^ 


Time. 


M  orn . . 

NtNHI.. 

ETen . . 
Mar».. 
No(»o.. 
Eyen . • 
M^rn . . 
NooB-. . 
EyeD.. 
Morn.. 
Noo». . 
Even .. 
Morn.. 
Nooa.. 
Even  . 
Morn.. 
Noon.. 
Eren . . 
Mom.. 
Noon.. 


f  Even....      —  —        —  — 


28^ 
29J 


M^m.. 
Noon.. 
Even . . 
Mora. . 
Notin.. 
Even . . 
Morn.. 
Noon . . 
Even . , 
Morn.. 
Noon.. 
Even 


'    Baron. 

Ther. 

Hyg. 

Wind. 

Velocity. 

Weather. 

Inches. 
,.   29  625 
..   89-630 
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33 

Tl« 
70 

NE 

NB 

Feet. 
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Cloudy 
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28 
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, ,     — 
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— 
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34 
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J26i 
34 
32 
45 
38 
47 
36 
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32 
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33| 
(271 

36 
525. 

38i 
J24i 


Rain,  by  the  pluviameter,  between  noon  the  1st  of  February, 
ttid  noon  the  1st  of  March,  1*143  inch.  Evaporation,  during; 
the  same  period,  0*765  inch. 
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^^g                           Article  XII. 

^M           METEOROLOGICAL    TABLE. 

W                                    

BAHOMCTEn. 

Therhombter. 

Hygr.    al 

1880.         Wind. 
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The  observations  in  eacli  line  of  the  table  apply  to  a  period  of  Iwenty.fonr    H 

hours,  beginning  at  9  A.  M.  on  (he  day  indicateil  in  the  Gnt  column.    A  Ouh,  H 

denotes,  that  the  reiult  is  ioduded  Id  the  aentfaLlowVn^  oXnetsisiiuia.                    V 
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REMARKS. 

Second  Month. — 1,  Hoar  frost:  Tery  fine  day.  S — 6,  Cloudy.  7,  8.  Fine.. 
^,  Cirrocumuhu:  fine.  10.  Fogg:y  morning:  drizzly.  11,  12,  Cloudy:  scHse 
rain.  13.  Very  fine  morning.  14,  15.  Fine.  16.  Hoarfrost:  misty:  then  fiD% 
m\\hCirrocumulus.  17,  18.  Hoarfrosts:  clear,  a.m.  19.  Overcast:  some  sooir 
in  the  evening.  SO.  Ground  covered  with  snow  this  morning  from  two  to  three 
inches  in  depth :  it  continued  to  snow,  with  very  little  intermission  through  the 
^y.  21.  Foggy  morning,  with  thaw; :  about  five  inches  of  snow  on  the  groan^.. 
22—24.  Overcast.  25.  Overcast:  windy.  26,  Bleak  wind.  27.  Flne» 
S8,  89.  Hoar  frost :  fine,  with  Cirrocumulut. 

,  RESULTS. 

Wind?:  N,  1  J  NE,  9;  NW,  3;  W,  3 1  SW,  5  j  S,  1  •  SE,  4;  E,  1 1   Var.2. 

Barometer:  Mean  height 

For  the  month ....^ 30*058  inches* 

For  the  lunar  period,  ending  the  6th ^  30*005 

For  15  days,  ending  the  3d  (moon  north) 29*937 

For  13  days,  ending  the  16th  (moon  south) 30*166 

Thermometer:  Mean  height 

For  the  month 36*379<» 

For  the  lunar  period,  ending  as  above 32*766 

For  29  days,  the  sun  in  Aquarius 35*155 

hygrometer:    Mean  for  the  month 91 

lEvaporation 0*90  inch. 

Rain 1*01 

Mean  temperature  at  Tottenham 36*827^ 

Hygrometer  at  ditto 81  ^ 

Rain  at  ditto 1*27  in. 

««  «  The  late  winter  may  be  considered  as  having  ended  with  the  deep  snow  ob 
the  20th,  followed  by  a  thaw  on  the  21st,  though  the  spring  has  been  frosty  at 
times  since :  this  snow  occurred  just  60  days  after  the  shortest  d^y  ;  and  the  snow 
OB  the  21st  of  tenth  month,  1819,  was  just  60  days  before  it :  thus  the  winter  may 
be  said  to  have  lasted  120  days,  with  some  mild  intervals,  the  solstice  being  in  the 
midst  of  the  time. 

ERRATUM  IN  LAST  MONTH. 
'  For  Aquarius  read  Capricorn^ 

iMiorMtory,  StratJwA^  TAird  ifofUA,  25^  1820.  L.  HOWARD.. 


ANNALS 


PHILOSOPHY. 


MAV,    1820. 


Article  I. 

aiogj-aphical  Account  of  Dr.  James  Bradley,   F.R.S.   Astro^ 
nomer  Royal. 

r^RH APS  as  an  observer  Dr.Bradleyhas  never  been  aurpaaaed 
by  any  astronomer  whatever ;  while  his  two  grand  discoveries 
of  the  aberration  of  the  fixed  stars  and  of  the  nutation  of  the 
earth's  axis  constitute  a  memorable  era  in  astronomical  science, 
and  raise  their  author  to  the  very  highest  rank  among  the  culti- 
vators and  promoters  of  that  most  sublime  and  useful  science. 
I  am  desirous  on  that  account  to  insert  a  short  biographical 
sketch  of  his  life  in  the  Annals  of  Philasophy ;  though  1  have 
nothing  whatever  to  add  to  the  account  pubfiahed  in  the  62d 
volume  of  the  Histoire  de  I'Academie  Royide  des  Sciences,  from 
which  aU  the  Uvea  of  Dr.  Bradley,  wliich  have  appeared  in 
different  English  publications,  have  been  translated  with  greater 
or  less  accuracy. 

James  Bradley  was  born  at  Sherborne,  in  Dorsetshire,  in  the 
year  1692,  and  was  the  third  son  of  William  and  Jane  Bradley. 
He  received  the  early  part  of  his  education  at  North  Leach,  in  a 
boarding  school  kept  by  Messrs,  Egles  and  Brice,  who  are  said 
to  have  used  their  best  endeavours  to  cultivate  the  happy  geniua 
which  they  observed  in  their  pupil.  From  this  place  he  went  to 
Oxford  vrith  the  intention  of  studying  theology,  and  of  taking 
orders.  As  soon  as  he  was  of  sufficient  standing  to  take  holy 
orders,  the  Bishop  of  Hereford,  who  had  conceived  -i.  •g^ss, 
esteem  for  him,  gave  him  the  living  ot^iiiatww,  aiA  wswtv ^sS^st 
he  was  indtJcted  into  that  ofWeUne,  m  Vc-mVoV'e^Xvwe.    ^■^*- 
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notwithstanding  these  advantages,  which  seemed  to  promise 
him  the  likeUhood  of  advancing  to  still  higher  dignities  in  the 
church,  he  was  induced  at  length  to  resign  both  his  livings  that 
he  might  be  at  full  liberty  to  indulge  his  passion  for  mathematics 
and  astronomy.  The  voice  of  nature  is  all  powerful,  and  often 
destroys  at  once  those  arrangements  in  which  she  had  not  been 
sufficiently  consulted. 

Mr.  Bradley  was  the  nephew  of  Mr.  Pound,  well  known  in  the 
republic  of  letters  for  several  excellent  astronomical  observationsc 
Indeed  he  would  probably  have  pubUshed  a  great  deal  more  had 
not  the  journal  or  his  travels  been  destroyed  in  the  conflagration 
at  Pulo-Condor.  This  conflagration  accompanied  the  massacre 
made  by  the  inhabitants  of  the  island  of  aU  the  EngUsh  in  the 

S>lace.  Indeed  Mr.  Poimd  himself  very  narrowly  escaped  the 
ate  which  attended  so  many  of  his  countrymen.  It  was  with 
this  relation  that  Mr.  Bradley  spent  all  the  time  which  he  could 
spare  from  his  livings.  He  seems  to  have  acquired  by  his  own 
industry,  without  any  other  teacher,  a  sufficient  knowledge  of 
the  mathematical  sciences  to  relish  and  profit  by  the  conversa- 
tion of  his  uncle. 

It  is  easy  to  conceive  that  the  example  and  the  conversation 
of  his  uncle  did  not  render  the  official  duties  of  Mr.  Bradley 
more  a^eeable.  He.  continued,  however,  to  discharge  them 
with  assiduity,  though  he  cast  at  times  a  wishful  eye  upon  the 
heavens,  and  began  at  that  time  to  lay  the  foundation  of  those 
discoveries  which  have  raised  him  to  the  ranks  of  the  greatest 
astronomer  of  his  time. 

Though  these  observations  were  made  in  some  measure  by 
stealth,  the  name  of  Bradley  became  famous  enough  to  reach 
the  ears  of  the  most  illustrious  names  in  England.  Lord  Mac- 
clesfield, Sir  Isaac  Newton,  Dr.  Halley,  and  various  other  cele- 
brated members  of  the  Royal  Society,  became  known  to  him, 
and  cultivated  his  friendship.  It  was  the  estimation  in  which  he 
was  held  by  these  great  men  that  led  to  his  becoming  a  Fellow 
of  the  Royal  Society. 

About  this  time.  Dr.  Keil,  who  filled  the  place  of  Savilian 
Professor  of  Astronomy  at  Oxford,  died.  It  would  have  been 
difficult  to  have  found  so  good  a  successor  as  Mr.  Bradley, 
whether  we  consider  his  abiUties  or  his  fondness  for  astronomy. 
He  was  unanimously  elected  to  the  chair  on  October  31,  1721. 
Thus  at  the  age  of  22,  he  found  himself  the  colleague  of  the 
celebrated  Dr.  Halley,  who  was  at  that  time  Savilian  Professor 
of  Geometry  in  the  same  university.  Dr.  Bradley,  as  soon  as  he 
was  inducted  into  this  chair,  resigned  both  his  livings  in  the 
church.  He  had  long  felt  the  disagreeable  situation  in  which  he 
was  placed,  his  official  duties  as  a  clergyman,  and  his  passion 
for  astronomy  drawing  him  contrary  ways.  And  he  took  the 
first  opportunity  that  ofiered  to  iput  an  ena  to  his  constraint. 
He  was  now  at  liberty  to  md\)\^e  \\\&  ^ia&i\w\.  ^w  ^6&\xQ\iomy 
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without  inteTruption ;  and  in  1727  he  enabled  others  to  enjoy 
the  fruit  of  his  researches  by  pubhshing  liis  theory  of  the  aber- 
ration of  the  fised  stars,  one  of  the  most  useful  and  ingenious 
discoveries  of  modern  astronomy. 

It  had  been  long  observed  that  the  position  of  the  stars  under- 
goes certain  variations  which  do  not  in  the  least  correspond 
with  the  apparent  motion  of  one  degree  in  72  years,  wliich  is 
produced  by  the  precession  of  the  equinoxes. 

The  Abbe  Picard  had  remarked  these  variations  in  the  pole 
star  as  early  as  1671,  but  he  had  neither  attempted  to  reduce 
them  to  a  constant  rule,  nor  to  assign  any  cause  for  them.  The 
very  numerous  observations  of  Dr.  Bradley  presented  him  not 
merely  with  the  variations  observed  by  Picard,  but  with  many 
others  which  bad  not  so  much  as  been  suspected.  He  met 
with  some  stars  which  appeared  during  the  course  of  a  year  to 
change  their  longitude  without  any  alteration  in  their  latitude; 
others  appeared  to  alter  their  latitude  without  any  alteration  in 
their  longitude ;  while  others,  and  this  was  the  case  with  the 
greatest  number,  appeared  to  describe  a  small  ellipse  more  or 
less  elongated. 

The  annual  period  which  all  these  movements,  so  different 
from  each  other,  affected,  soon  led  to  the  inference  that  the 
motion  of  the  earth  was  intimately  cotmecfced  with  the  pheno- 
mena. But  the  difficulty  was  to  explain  in  what  way  it  could 
produce  such  effects.  Thefiret  attempts  of  Dr.  Bradley  to  obtain 
an  explanation  were  unsuccessful,  nut  his  perseverance  was  at 
last  crowned  with  success,  and  enabled  him  to  discover  that  all 
these  apparent  motions  in  the  stars  were  the  result  of  the  succes- 
siye  motion  of  light  combined  with  that  of  the  earth  found  the 
Bun. 

It  had  been  long  believed  that  the  velocity  of  light  was,  physi- 
cally speaking,  infinite.  M.  Roemer  was  the  first  who  ventured 
to  9^rm  that  this  opinion  was  inaccurate,  and  even  to  assign  the 
time  which  light  takes  to  traverse  the  diameter  of  the  earth's 
orbit.  He  had  observed  that  the  emersion  of  the  first  satellite  of 
Jupiter  became  later  and  later  in  proportion  as  Jupiter  became 
further  and  further  removed  from  the  opposition ;  and  that  this 
retardation  in  an  eclipse  the  nearest  possible  to  the  conjunction 
amounted  to  11  minutes.  He  was  of  opinion  that  these  11 
minutes  constituted  the  time  that  the  first  ray  of  the  satellite,  ■ 
when  it  emerged,  took  in  traversing  the  distance  between  the 
two  positions  of  the  earth,  when  near  the  opposition  and  near 
the  conjunction;  ajid  consequently  that  the  velocity  of  light  is 
not  merely  finite,  but  measurable. 

However  reasonable  this  explanation  is  now  esteemed,  it  was 
then  thought  too  bold ;  and  it  was  not  till  long  after  the  death, 
of  Roemer  that  astronomers  unanimously  a.gtteii^.Wl.'Cne'aio'utfstt. 
of  li^ht  was  successive.     It  was  from  this  sMtceftawe  ■ta.cftAssvi. 
that  Dr.  Bradley  obtained  the  explanatioTi  oS  tVe  me.^viXa.tNWOfc- 
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tions  which  he  had  observed  in  the  stars/  and  to  which  he  gave 
the  name  of  the  aberration  of  the  fixed  stars.  Let  us  now 
endeavour  to  communicate  to  tne  reader  an  idea  of  his  expla- 
nation. 

Let  us  conceive  piles  of  small  bodies  moving  in  directions 
parallel  to  each  other ;  as,  for  example,  a  rain  wiuiout  any  wind, 
falling  down  perpendicularly.  Let  us  expose  to  this  rain  an 
immoveable  tube  placed  in  the  same  vertical  position.  It  is 
obvious  that  the  drop  which  enters  at  the  upper  orifice  of  the 
tube  will  pass  out  at  the  other  end  without  touching  the  inner 
walls  of  the  tube. 

But  if  we  make  the  tube  move  parallel  to  itself,  though  its 
position  always  remains  parallel  to  the  direction  of  Uie  drops  of 
rain,  it  is  obvious  that  the  motion  of  the  tube  will  cause  the. 
drops  to  strike  against  one  of  its  sides,  and  that  the  sooner, 
according  as  the  motion  of  the  drops  is  slower,  cpmpared  with 
that  of  the  tube.  And  it  is  easy  to  demonstrate  tnat  if  the 
motion  of  both  be  equal,  the  drop  of  rain  which  falls  upon  the 
centre  of  the  upper  opening  of  the  tube  will  strike  the  inside  wall 
after  having  traversed  exactly  half  the  semidiameter  of  the  tube; 
and  that  its  direction  in  consequence  will  make  an  angle  of  45° 
with  the  axis  of  the  tube.  Hence  it  follows  that  if  we  wish  the 
drops  of  water  not  to  touch  the  tube  notwithstanding  its  motion, 
we  must  incline  it  46°  in  the  direction  of  its  motion.  If  this 
motion  were  to  take  place  in  the  circumference  of  a  circle,  the 
tube  would  describe  round  the  vertical  line  passing  through  the 
centre  of  its  base,  a  cone,  the  angle  of  which  will  be  90^. 

What  has  been  said  is  meant  to  show  that  the  incUnation  of 
the  tube  in  order  to  allow  the  drops  of  rain,  notwithstanding  the 
motion,  to  pass  through  the  tube  without  striking  against  its  sides,, 
depends  entirely  upon  the  proportion  between  the  velocity  of  its 
motion  and  that  of  the  drops  of  rain.  The  greater  the  velocity 
of  these  drops  compared  with  that  of  the  tube,  the  less  will  it  be 
necessary  to  incline  the  tube.  Hence  if  the  velocity  of  the  drops 
were  infinite  compared  with  that  of  the  tube,  it  would  not  be 
necessary  to  incline  the  tube  at  all ;  because  the  drop  would 
reach  the  bottom  of  the  tube  the  very  instant  that  it  entered  its 
top,  and  the  tube,  during  such  a  space  of  time,  could  advance 
only  an  infinitely  small  quantity. 

When  we  apply  this  theory  to  the  aberration  of  the  stars  it  is 
easy  to  see  that  the  lines  traversed  by  the  drops  of  rain  are  the 
rays  proceeding  from  the  stars ;  that  the  tube  which  we  have 
supposed  at  first  at  rest,  and  afterwards  in  motion,  is  that  of  the 
telescope,  which  serves  to  determine  the  position  of  the  stars, 
and  which  is  always  carried  away  by  the  motion  of  the  earth 
round  the  sun;  and  finally,  that  the  velocity  of  light  being  finite, 
when  compared  with  that  of  the  earth  in  its  orbit,  the  telescope 
must  change  its  position  in  ipio^ottioiv  %&  \kk  motion  changes 
itM  direction.     Hence  it  foWovis  iW,  e^\\  «\si\m\i&V>aaN^  ^%^t«* 
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of  different  positions,  or,  which  comes  to  the  same  tiling,  an 
apparent  motion  in  the  heavens,  which  will  make  it  describe  in 
a  year  ellipses  more  or  teas  elongated  according  to  the  position 
of  the  star, 

•Such  is  the  theory  of  the  aberration  of  light  which  Dr.  Brad- 
ley published  in  1727,  and  which  was  received  by  astronomers 
with  that  applause  which  it  deserved.  M.  Clairant  made  it  the 
subject  of  an  excellent  memoir  printed  in  the  Memoirs  of  the 
French  Academy  of  Sciences  for  1737,  in  which  he  examined 
the  theory  of  aberration  to  the  bottom,  and  gave  the  rules  neces- 
sary to  apply  it  to  practice.  The  result  of  his  calculation  is, 
tliat  the  velocity  of  light  deduced  from  the  aberrations  observed 
in  the  stars  is  absolutely  the  same  as  that  assigned  it  by  the 
ingenious  explanation  which  Roemer  had  given  of  the  retarda- 
tion of  the  eclipses  of  the  first  sateUite  of  Jupiter.  This  is  a  new 
Eroof  of  the  accuracy  of  the  hypothesis,  if  it  stood  in  need  of 
eing  proved. 

Three  years  after  this  glorious  epoch  in  the  Hfe  of  Dr.  Brad- 
ley, the  place  of  Beader  in  Astronomy  and  Pliysics  in  the 
Museum  at  Oxford  became  vacant.  It  was  bestowed  upon  him, 
and  certainly  no  individual  in  the  university  was  better  qualified 
for  the  task  thus  assigned  him. 

Dr.  Bradley's  diligence  as  an  observer  was  redoubled  by  the 
increase  of  his  I'eputation.  He  gi'adualiy  discovered  that  the 
inclination  of  the  axis  of  the  earth  on  the  plane  of  the  ecliptic 
was  not  constant ;  but  miderwent  a  variation  amounting  to  some 
seconds,  the  period  of  which  was  nine  years.  This  period 
seemed  at  first  to  bid  defiance  to  all  explanation.  What  could  a 
period  of  nine  years  have  in  common  with  the  revolution  of  tho 
earth  round  the  sun  which  is  completed  in  one  year?  Dr.  Brad- 
ley was,  however,  fortunate  enoiigli  to  find  the  true  cause  in  tlie 
Newtonian  theory  of  attraction. 

The  first  principle  of  this  theory,  it  is  well  known,  is,  that  all 
bodies  attract  each  other  mutually  directly  as  their  mass,  and 
inversely  as  the  square  of  their  distances.  From  this  attraction 
combined  with  rectilineal  motion,  Newton  deduced  the  orbits  of 
the  planets,  and,  in  particular,  the  orbit  of  the  earth.  If  that 
orbit  were  a  circle,  and  if  the  globe  of  the  earth  were  exactly 
spherical,  the  attraction  of  the  sun  would  act  only  to  keep  it  in 
its  orbit,  and  would  not  derange  the  position  of  its  axis.  But 
neither  of  these  suppositions  is  true.  The  earth  is  sensibly 
greatest  at  the  equator,  and  its  orbit  is  an  ellipse  in  one  of  the 
ioci  of  which  the  sun  is  placed.  When  the  position  of  the  earth 
is  such  that  tlie  plane  of  its  equator  passes  through  the  centre  of 
the  Hun,  then  the  sun  has  no  other  action  but  that  of  drawing 
the  globe  towards  itself;  but  always  parallel  to  itself,  and  without 
deranging  the  position  of  its  axis.  This  happens  at  the  two 
equinoxes.  As  the  earth  recedes  from  these  two  i^o\w\ft,*CftteT 
leaves  liie  phae  of  the  equator,  and  apijioa.t\\^&  Vo  ^a\ft  ' 
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of  the  tropics^  then  the  two  semidiameters  of  the  etrth  exposed 
to  the  san,  being  no  lonjm:  equal|  the  eduator  is  more  strongijf 
attracted  than  the  rest  of  the  globe,  whicn  alters  a  little  its  posi- 
tion and  its  inclination  to  the  plane  of  the  ecliptic.  And  as  the 
part  of  the  orbit,  included  between  the  autumnal  and  Temal  equi- 
nox is  smaller  than  that  included  between  the  vernal  and  the 
autumnal  ec^uinox,  it  follows  that  the  <)[erangement  caused  by  the 
sun,  while  it  passes  through  the  northern  signs,  is  not  entirely 
compensated  by  that  produced  while  it  passes  through  the 
southern  signs ;  and  that  the  parallelism  of  the  terrestnal  axis 
and  its  inclination  with  the  ecliptic  remain  a  little  altered. 
Hitherto  we  see  nothing  which  has  any  relation  to  the  period  of 
nine  years.   We  shall  see  immediately  what  produces  this  period. 

What  the  sun  operates  upon  the  earth  by  its  attraction,  the 
moon  operates  also,  and  it  acts  with  the  ^eater  effect  the  nK)re 
it  deviates  from  the  e(][uator.  But  when  its  nodes  concur  with 
the  equinoxial  points,  its  greatest  latitude  is  added  to  the  greatest 
obUquity  of  the  ecliptic.  This  then  is  the  time  of  its  greatest 
action  to  derange  the  position  of  the  terrestrial  axis.  And  the 
revolution  of  the  nodes  of  the  moon  occupying  a  period  of  18 
years,  it  is  clear,  that  during  that  period  the  nodes  will  be  twice 
m  the  equinoxial  points ;  consequently,  during  that  period,  the 
axis  of  the  earth  will  be  the  most  deranged  possible  two  several 
times.  Thus  the  axis  will  be  the  most  deranged  possible  once 
every  nine  years ;  or,  which  comes  to  the  same  things  it  will 
have  a  vibration,  the  period  of  which  will  be  nine  years,  as  Dr. 
Bradley  had  observed.  This  vibration  is  what  he  termed  the 
nutation  of  the  terrestrial  axis.  He  published  an  account  of  it  in 
1737.  Inus  within  10  years  he  communicated  to  the  public  two 
of  the  greatest  discoveries  in  modem  astronomy — cuscoveries 
which  will  always  mark  a  memorable  epocha  in  the  history  of  the 
science. 

Dr.  Bradley  had  always  enjoyed  the  esteem  and  the  friendship 
of  Dr.  Halley,  at  that  time  Astronomer  Royal,  but  in  a  veiry 
advanced  period  of  life,  and  unable  to  contribute  as  usual  to  the 
promotion  of  his  favourite  science.  He  conceived  that  he  could 
not  confer  a  greater  favour  on  it  than  by  endeavouring  to  procure 
Dr.  Bradley  for  his  successor.  With  this  view  he  wrote  to  Dr. 
Bradley  several  letters,  which  were  found  among  that  gentle- 
man's papers  after  his  death,  requesting  permission  to  solicit  for 
him  the  reversion  of  his  office,  and  even  offering,  if  necessaiy,  to 
resign  in  his  favour.  But  Dr.  Halley  died  before  he  was  able  to 
accomplish  this  desirable  object.  The  Earl  of  Macclesfield, 
however,  well  known  for  his  attachment  to  astronomy,  and 
afterwards  President  of  the  Royal  Society,  had  sufficient  interest 
to  secure  him  the  situation  of  Astronomer  Royal.  As  soon  as 
the  nomination  was  publicly  known,  the  University  of  Oxford 
enrolled  him  as  one  of  their  own  body  by  creating  him  Doctor 
/»  Divinity. 
5 
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The  situation  of  Astronomer  Royal  was  the  real  element  of 

Dr.  Bradley.     He  devoted  himself  to  observations  with  the  most 

indefatigable  industry ;  so  that  the  remainder  of  his  life  consti- 
tutes, so  to  speak,  a  portion  of  the  history  of  the  heavens. 

Though  the  collection  of  instrumenl^  at  Greenwich  was 
already  very  considerable,  it  was  impossible  that  so  ardent  an 
observer  as  Dr.  Bradley  could  avoid  wishing  for  various  others, 
both  to  ensure  a  greater  degree  of  precision,  and  to  suit  his  own 
particular  views.  At  the  annual  visit  of  the  committee  of  the 
Royal  Society  in  1748  he  laid  an  inventory  of  the  apparatus 
before  that  leamed  body,  and  represented  Jn  such  strong  terms, 
the  necessity  of  getting  the  old  instruments  repaired  and  new 
ones  constructed,  that  the  Society  deemed  it  requisite  to  lay  thai 
representation  before  the  king,  who  was  pleased  to  grant  1000/ 
tor  the  purposes  pointed  out  by  the  Astronomer  Royal. 
Messrs.  Graham  and  Bird  were  immediately  set  to  work,  and 
the  observatory  was  soon  provided  with  the  most  complete  set  of 
apparatus,  which  the  state  of  the  arts  at  that  time  admitted, 
TTie  observations  made  by  Dr.  Bradley  were  exceedingly  nume- 
rous ;  and  it  may  be  said  with  truth  that  they  form  the  first 
collection  of  rigidly  accurate  astronomical  observations  ever' 
presented  to  the  public.  They  constitute  a  kind  of  epocha  in 
astronomy,  by  rendering  it  necessary  for  all  subsequent  observers 
to  provide  themselves  with  instruments  of  the  requisite  debcacy 
and  precision,  and  of  taking  the  necessary  pains  to  ensure  the 
accuracy  of  their  observations. 

Soon  after  his  going  to  Greenwich  to  reside,  the  Rectorship, 
of  that  parish  became  vacant,  and  it  was  offered  to  Dr.  Bradley; 
but  he  was  disinterested  enough  to  decline  the  offer,  fearing  that 
his  duties  as  a  clergyman  and  as  an  astronomer  might  interfere 
with  each  other.  George  II.  was  so  much  struck  witti  this  disin- 
terested refusal,  that  be  gave  him  a  pension  of  "iSO/.  a  year  in  the 
begiimiug  of  1752.  The  reason  assigned  was  his  uncommon 
skill  in  astronomy  and  in  other  parts  of  the  mathematics,  and( 
the  advantages  resulting  to  the  commerce  and  navigation  of 
Great  Britain  from  the  apphcation  which  he  made  of  that  skill. 

In  the  year  1747  Dr.  Bradley  was  chosen  a  member  of  the 
Royal  Academy  of  Sciences  of  BerUn :  the  year  after,  he  was 
made  Foreign  Associate  of  the  Academy  of  Sciences  of  Paris  : 
in  1754  he  became  a  member  of  the  Imperial  Academy  ofSt. . 
Petersburgh  :  and  in  1757  of  the  Institute  of  Bologna. 

He  continued  his  unremitting  attention  to  the  duties  of  his 
situation  till  towards  the  end  of  1760,  when  he  was  seized  with 
a  malady  that  deprived  him  of  his  strength.  For  two  whole  years 
he  experienced  no  other  inconvenience ;  but  about  the  end  of 
June,  1762,  he  was  seized  with  a  suppression  of  urine  in  conse- 
quence of  an  inflammation  of  the  kidneys.  Of  this  disease  he 
died  on  July  13,  in  the  7l>th  year  of  his  ase,  \ie-w?is,\i\Hvft^-aSi.i 
Micbin-Hampton,  in  Gloucestemhite,  *uv  ftve  aama  ■^■ic«  'w'* 


I 
I 
I 

1 


328  Biographical  Account  of  Dr.  Jame»  Mradkif.      [Haif, 

his  mother  and  hig  wife  had  been  ahready  interred ;  for  m  1744 
he  had  married  Susanna  Peach,  the  daughter  of  a  gentleman  in 
Gloucestershire^  by  whom  he  had  a  dau^ter^  who  survived  her 
father. 

The  most  striking  part  of  his  character  was  the  most  perfect 
modesty  and  a  sweetness  of  temper  very  uncommon  in  a  mait  of 
his  lively  temperament,  and  capable  of  endurine  the  late  nights 
and  the  intense  appUcation  wnich  occupied  me  whole  of  hia 
life.  His  generosity  was  without  bounds  to  those  who  required 
his  assistance,  and  he  was  perfectly  destitute  of  that  selfisnness 
with  which  literary  men  are  so  often  reproached.  Though  he 
spoke  well,  and  possessed  the  power  of  communicating  his  ideas 
vnth  the  most  perfect  clearness,  he  was  remarkably  silent,  never 
intruding  his  opinion,  except  when  it  was  necessary  so  to  do. 
But  when  he  thought  that  liis  conversation  could  be  useful,  he 
was  not  sparing  of  it.  He  even  induced  his  disciples  to  put 
questions  to  him  by  the  accuracy  with  which  he  answered  them, 
and  by  the  attention  which  he  always  paid  to  bring  himself  down 
to  the  level  of  those  with  whom  he  conversed.  He  was  not 
more  incUned  to  protrude  his  writings  than  his  conversation  upon 
the  world.  The  consequence  was  that  he  published  very  Httle. 
He  was  so  diffident  of  himself  that  he  never  was  satisfied  with 
his  own  compositions,  and  was  induced  to  suppress  a  great 
many  which  probably  were  highly  deserving  of  publication. 
Fortunately  he  was  under  the  necessity  as  Astronomer  Royal  of 
communicating  his  observations  to  the  Royal  Society.  The 
consequence  was  the  preservation  of  the  immense  quantity 
which  he  had  made. 

He  became  celebrated  almost  in  spite  of  himself.  His  merit 
alone,  without  any  attempt  on  his  part  to  attract  attention,  pro- 
duced his  reputation.  In  this  respect  he  furnishes  a  striking 
contrast  to  some  men  of  science  of  latter  years,  who  have 
employed  as  much  art  and  chicanery  to  attract  the  regard  of  the 
public,  have  caballed  as  much  to  detract  from  their  supposed 
rivals ;  have  made  as  great  a  sacrifice  of  truth  and  uprightness 
of  conduct  to  secure  to  themselves  a  kind  of  monopoly  of  the 
particular  science  to  which  they  had  attached  themselves,  as  if 
they  thought  themselves  secure  of  blinding  the  whole  of  man- 
kind, and  of  appropriating  to  themselves  that  exact  share  of 
reputation  which  they  have  thought  proper  to  (tlaim.  Fortunately 
for  the  interests  of  science  and  of  human  nature  this  conduct  has 
never  in  a  single  instance  been  ultimately  successful.  The 
cabals  and  the  factions  which  have  shut  out  the  Ught  from  con- 
temporaries gradually  disappear,  and  when  the  leader  of  a  scien- 
tific party  is  subjected  to  the  lynx-eyed  scrutiny  of  posterity, 
they  never  fail  sooner  or  later  of  detecting  all  the  false  preten- 
sions ;  of  discovering  the  vanity,  the  selfishness,  the  malignity, 
which  our  man  of  science  has  displayed  by  his  actions.  The 
consequence  is,  that  poBterity  xvot.  iftsid^  x^^mc.^  \vm  ia  the 
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exact  place  which  he  was  entitled  to  occupy ;  but  often  place 
him  much  lower  than  the  seat  which  his  abilities  and  induatiy 
would  have  entitled  him  to  occupy,  had  he  been  satisfied  with 
that  share  of  reputation  which  nis  real  merit  entitled  him  to 
obtain.  The  conduct  of  Bradley  was  exactly  the  opposite ;  yet 
few  men  enjoyed  a  higher  reputation,  or  were  more  respected  by 
all  that  was  great  and  eminent  in  Great  Britain  or  on  tne  Conti- 
nent during  his  own  life  time ;  ajid  few  men  have  retained,  or 
are  likely  to  retain,  a  higher  place  in  the  most  exalted  and  most 
perfect  of  all  the  s 
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Regular  Crifdnllization  of  Olive   Oil.     By  Dr.  Clarke,  Profes- 
sor of  Mmeralogy,  Cambridge. 

(To  Dr.  Thomson.) 

DEAR  StR,  Cambridgt,  lHarckS2,  IBSO. 

An  accident  has  occurred  within  the  last  week  which  has 
enabled  me  distinctly  to  observe  the  regular  crystallization  of 
olive  oil.  The  thermometer  of  Fahrenheit,  (luring  the  late 
north  winds,  has  frequently  indicated  a  temperature  below  40°  at 
noon-day.  Upon  one  of  Uiese  occasions,  wnen  the  mercury  had 
fallen,  towards  evening,  to  36",  some  sallad  oil,  instead  of  exhi- 
biting the  usual  appearance,  by  congelation,  of  having  lost  its 
transparency,  presented  to  the  eye  a  number  of  white,  opaque, 

Erismatic  radii,  rising  upwards  from  the  bottom  of  the  vessel,  and 
eautifully  diverging  in  the  transparent  fluid.  When  examined 
with  a  lens,  these  prisms  (which  were  as  large  as  the  capillary 
prisms  of  radiating  arragonite  in  porous  trap)  were  found  to  have 
the  form  of  mesotype ;  that  is  to  say,  rectangular  four-sided  prismn 
with  square  bases.  The  terminatinn;  planes,  being  squaree, 
reflected  the  Ught  in  such  a  manner  as  to  enable  me  to  discern 
their  form  in  me  most  satisfactory  manner.  Several  persons 
witnessed  this  appearance;  and  among  others  our  geological 
Professor,  Sedgetotck,  and  Mr.  HeiisloiD,  of  St.  John's  College. 
I  endeavoured  to  preserve  the  oil  in  this  state,  but  the  weather 
becoming  warmer,  the  whole  of  the  fluid  became  transparent. 
Its  crystalline  appearance  was,  however,  preserved  during 
24  hours;  and  often,  during  this  time,  examined.  The 
inference  I  would  deduce  from  this  circumstance  is,  that 
the  crystallization  of  this  vegetable  oil  agrees  with  the  general 
phenomena  of  crystallization  characteristic  of  non-metallic  com- 
bustibles J  among  which  Uie  octahedron,  whether  regular,  as  in 
diamond;  or  obtuse,  as  in  mellite:  or  acute,  aa  in  sulphur :  exKL^ 
bits  pyramids  whose  bases  are  squares,  * 
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Article  III. 

Extract  if  a   Letter  from  Mr,   Breithaupt,  in  Freiberg,    to 

'Professor  Gilbert.* 

You  are  aware  that  different  chemists  have  found  boracic  acid 
in  the  tourmahny  axinitCi  &c.  of  which  essential  constituent  the 
most  celebrated  former  analyses  have  not  taken  the  least  notice. 
These  researches  were  imdertaken  at  my  request.  I  have  been 
employed  these  five  years  in  endeavouring  to  construct  a  mineral 
system,  which  should  indeed  depend  entirely  upon  the  natural 
characters  and  properties  of  minerals;  but  I  wish  it  to  be  at  the 
«ame  time  chemical,  physical,  and  philosophical.  Though  it 
may,  and  indeed  must  appear  to  you  a  piece  of  bombast  to  affirm, 
that  it  is  the  first  system  ever  contrived,  the  assertion  is  true 
notwithstanding.  I  do  not  choose  to  publish  an  account  of  it 
till  the  whole  has  been  put  in  better  order,  though  it  is  true  at 
the  same  time  that  a  considerable  part  of  it  has  become  already, 
in  some  measure,  known  to  the  public. 

My  fundamentel  maxim  is,  that  individttal  minerals  (and  only 
crystals  are  individuals)  owe  their  natural  characters  to  their 
chemical  constituents.  Hence  the  shape  of  the  crystals,  the 
lustre,  the  electricity,  the  degree  of  hardness,  the  specific  gra- 
vity, &c.  must  depend  upon  the  nature  of  the  constituents.  But 
if  these  conclusions  be  true,  it  is  obvious  that  little  dependence 
can  be  put  upon  the  chemical  analyses  of  minerals,  which  we 
already  possess.  I  have,  for  example,  put  boracite,  tourmaline, 
anatase,  andalusite  (with  respect  to  it  1  have  been  unsuccessful 
in  my  attempts  to  discover  an  essential  ingredient),  and  axinite, 
under  one  family.  And  as  the  external  characters  of  these 
minerals  bear  a  close  resemblance  to  each  other,  I  expect  firom 
my  theoretic  maxim,  to  which  1  have  given  the  name  o( plastic 
cism,  to  find  an  equal  correspondence  in  the  constituents.  I, 
therefore,  conclude,  that  as  boron  is  an  essential  constituent  of' 
boracite f  the  same  substance  must  also  be  an  essetUial  constituent  of 
tourmaline,  anatase,  andalusite,  and  axinite.  The  proof  that 
boron  is  essential  to  the  boracite  may  be  deduced  from  the  prin- 
ciples of  crystallography. 

jLampadius  has  already  found  about  16  per  cent,  of  boracic 
acid  in  the  tourmaline  and  axinite ;  and  I  now  learn  from  my 
fiiend  Christian  Gmelin  that  he  himself,  Berzelius,  Arfvea- 
son,  and  Vogel,  have  made  experiments  which  confirm  this 
result. 

I  have  a  treatise  upon  the  family  of  schorls  quite  ready,  and 
I  shall  make  it  known  as  soon  as  1  can  procure  a  good  draughts- 

*  Translated  from  Gilbert's  Aonalen,  Ix.  21 1. 
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man  to  delineate  13  varieties  of  crystals.  1  shall  Etate  some  of 
it  here. 

The  essential  coiistituenta  of  the  schorl  family  nre  not  confined 
to  boron.     They  are 

1:  Electropositive. 

a.  Either  an  alkaline  earth  or  alkali.  Among  these  the  oxide 
of  zinc  in  to  be  ranked;  perhaps  even  oxide  of  iron  or  manganese 
may  be  substituted  ;  or  all  of  these  may  ejcist  together. 

0.  Alumina.  (It  is  essential  even  in  boracite,  which  probably 
contains  some  per  cents,  more  than  is  at  present  known.)  It 
has  still  to  be  pointed  out  in  anatase, 

2.  Electronegative. 

a.  Silica,  or  rather  quartz,  for  which  oxide  of  titanium  is 
sometimes  substituted. 

ft.  Borott,  (The  appearances  which  the  schorl  family  exhibit 
when  thrown  into  red-not  saltpetre,  demonstrate  that,  boracite. 
Sec.  contains  a  combustible  substance  {boron),  not  a.  product  of 
combustion  {boradc  acid) ;  although  this  last  is  the  substance 
obtained  by  analysis.  It  is  a  product,  not  an  educt.  Boron  is 
still  to  be  found  in  anatase  and  andalusite. 

The  substances  upon  which  the  system  of  crystaUization,  and 
consequently  the  species  depend,  are 

1.  In  boracite  (tetrahedral  schorl)  magnesia.  Boracite  is 
therefore  a  magnesian  schorl. 

2.  In  tourm^ine  (trigonal  schorl)  the  quartz  substance.  Itia 
therefore  siliceous,  or  quartz  schorl. 

3.  In  anatase  (tetragonal  schorl)  titanium.  It  is  therefore  a 
titanium  schorl. 

4.  In  andalusite  (rhombic  schurl)  a  substance  not  yet  disco- 
vered experimentally;  very  probably  fluorine. 

.5.  la  axinite  (rhomboidal  schorl)  boron.  (This  substance 
therefore,  is  not  merely  essential  as  a  generic,  but  still  more 
essential  as  a  specific  substance ;  and  I  first  ascertained  the 
necessity  of  its  presence  in  this  mineral  irom  theory.)  It  ia 
consequently  a  boronic  schorl. 

Boron  is  mdeed  an  essential  constituent  of  datfioUte ;  but  as 
in  it  the  hardness  of  schorl  is  wanting ;  so  likewise  is  the  consti- 
tuent which  gives  hardness ;  namely  Edumina. 

You  perceive  that  I  have  not  reposed  upon  any  authority.  In 
all  systematic  disputes  in  the  dominions  of  nature,  the  sole  and 
ultimate  arbiter  is  nature  herself.  And  in  the  mineral  kingdom 
nature  has  expressed  here  classes  and  orders  by  the  external 
characters.  In  the  schorls  we  perceive  the  same  lustre,  the 
same  colours,  the  same  play  of  light,  the  same  polarity  of  crys- 
tallization (determined  in  my  treatise),  the  same  hardness,  the 
same  specific  gravity,  from  2'9  to  3'3  (and  if  that  of  anatase  he 
correct,  as  high  as  3'8),  the  same  electricity,  &c.  Hence  it  is 
evident  how  completely  nature  has  given  us  the  means  of  classi- 
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fvii^  mineral  bodies  according  to  their  characters.  It  is  true 
that  boracite  has  been  arranged  amon^  the  salts,  like  a  fish  with 
stag's  horns.  Although  its  quartzy  nardness,  Icmg  ago  well 
known  to  Usemann,  showed  clearly  that  it  bdonged  to  the 
precious  stones. 

I  presume  likewise  that  boron  exists  in  helvine,  dioptase, 
sphene,  cyanite,  tetrahedral  fahlore,  and  even  in  Rothgilti- 
gerze.  I  am  almost  certain  that  boron  is  a  constituent  of 
wolfram. 


All  this  is  nothing  to  the  number  (above  40  species,  according 
to  Werner's  system)  of  minerals  in  which  theory  has  pointed  out 
to  me  the  existence  of  chlorine  as  an  essential  constituent  some- 
times generically,  sometimes  specifically,  though  analytical 
chemistry  has  not  been  able  hitherto  to  verify  these  theoretical 
conclusions.  Thus  it  exists  in  schaumkalk,  tele,  mica,  schiller- 
^ne,  felspar,  cyanate,  8cc.  and  in  many  uncrystalhzed  minerals, 
»» steatite,  serpentine,  nephrite,  chalk,  mountain  soap,  ftdler's 
earth,  8lc.  One  will  not  easily  miss  chlorine  in  a  mtty,  soft 
mineral^  and  the  talky  properties  are  produced  not  less  by  it  than 
by  ms^nesia. 

As  chlorine  and  iodine  resemble  each  other  very  closely,  but 
the  latter  has  more  of  the  metalUc  properties,  I  presume  that 
both,  but  more  probably  the  latter,  exists  in  graphite,  molybdena, 
bl'attererz,  blacK  earthy  cobalt,  manganschaum,  &c.  A  person 
may  easily  satisfy  himself  that  the  essential  constituent  of 
graphite  is  not  yet  known,  and  that  a  substance  exists  in  it 
which  has  not  yet  been  shown  experimentally  to  constitute  apart 
of  the  mineral  kingdom. 

But  I  must  be  shorter  than  I  have  been.  I  write  at  present 
on  purpose  to  obtain  the  assistance  of  chemists.  Already  has 
chemistry  been  of  the  greatest  service  to  mineralogy;  and  it  is 
now  time  that  this  last  science  should  atone  for  her  faults 
towards  her  benefactor.  I  hope  within  a  year  to  publish  a 
System  of  Mineralogy  which  will  not  merely  consider  crystals 
and  crystallized  species  as  belonging  to  pure  natural  history,  but 
with  respect  to  which  chemists  will  have  no  reason  to  complain 
of  intolerance.  August  Breithaupt. 

Frelherg,  Aug.  6,  1818. 
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Article  VI. 

Demonstrations  of  Theorems  for  Jinding  the  Sums  of  Sines. 

By  Mr.  James  Adams. 

(To  Dr.  Thomson.) 

SIR,  StonehousCf  near  Plymouth,  Feb.  8,  1820. 

Never  having  seen  any  demonstrations  of  the  theorems  for 
finding  the  sams  of  the  sines  sin.  a  +  sin.  (a  +  i)  +  sin.  (a  + 
2  b)  +  ....  sin.  (a  +  n  b)  and  cos.  a  +  cos.  (a  +  b)  -f-  cos. 
(fl  4-  2  i)  +  ....  COS.  (a  -f  n  b),  I,  therefore,  beg  leave  to  send 
you  the  following  demonstrations  thereof,  the  insertion  of  which 
in  the  Annals  of  Philosophy  will  oblige, 

Your  humble  servant, 

James  Adams. 

« 

Prob.  1. — To  find  the  sum  of  sin.  a  +  sin.  2  a  +  sin.  3  a  4- 
....  sin.  n  a. 
Per  Mr.  Woodhouse's  Trigonometry,  p.  64, 

sm.  a  =  — =  ( X I 

sm.2a^—L^(x^-^   l] 

sin.  3  a  = —  fx^  —   -  \ 

2  V  -  1  \^  *  V 

sin.  «  a  =:  — =z=:  /a:" \ 

2v^-i  V      *•; 

Then  per  geometrical  progression, 
X  ^  X''  -^  x'  +  X*  -i-    ....  X"  =  ^"^'""Z,  and-  +  1-  +  1-  + 

....--=    f,  ""  ,,,  we  then  have  sin.  a  +  sin.  2a  +  sin.  3  a 

1  /jr"+*  —  X  x«  —  1     v  1 

21/31  \   *-i         x»ix-i);      av_i 

(x^-f' - 1) cx> -- 1)  _  V' '  "^^/  r  ""^j  ^     I      _ 


X  "^        ^^BV 


X 


i 


.  _»  +  1 


(2  v/  —  1 .  sin.  ina)(2  \/  —  I .  sin.  «)  1 

==£ S:: —  X  — = 

2  -/  -  i   X  sin.Ja  2  V  -  I 

.      ,  .      «+  1 

sin.  ft  n  a   X  sin.  — - —  a 
*  2 

sin.  i  a 
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Corollary. '^in,  a  +  sin.  2  a  +  sin.  3  a  8u:.ad  infinitum  ss 
4  cot.  -J-  «• 

Per  trigonometry,  sin.  ^na  X  sin.  (4.  a  +  4.  n  a)  =^  4-  cos.  4. 
a  —  1^  COS.  (^  a  +  »  a) 

But  n  a  being  infinitely  great,  -i-  a  +  n  a  will  likewise  be  infi- 
nitely great,  and  as  the  cosine  of  an  infinitely  great  arc  may  be 
nothmg,  we  shaQ  have  sin.  a  +  sin.  2  a  +  sin.  3  a.  Sec.  ad  mfi- 

4  COS.  If  a         .       A    1 

nitum 5=  *■      "    =  4 cot.  4  a. 

sin.  i  a  *  * 

Prob.  2. — ^To  find  the  siun  of  cos.  a  +  cos.  2  a  +  cos.  3  a  + 
•  •  •  •  cos.  n  a. 

Per  Mr.  Woodhouse's  Trigonometry,  p.  5,  * 

;.  fl  =  ^  (x  +  -)  .'.  2  cos.  a  ^  X  +  - 


cos 
cos 


.2a=^(x*  +-^V-.  2cos.2a  =2^«  +~ 
COS.  3  a  sa  4.  (j:^  ^  _j  .•.2  cos.  3  a  =  x^  +  — 

COS.  71  a  =  4^  fx*  +  —).*.  2  COS.  w  a  =  a"  +  — 
Then  by  geometrical  progression,  we  have 
+  x^  -{-x'  +  j:^  +   ....  X*  =  -— -T-,  and-  +  _  +  _    + 


1 x«   -  1 

•  •  •  • 


h  1 


sin.  f^na  X  cos.  — r —  a 

?►  = ,_^ — ! — 

Sin.  ^  a 


x»         x»  (x  —  I)' 

Therefore  cos.  a  +  cos.  2a  +  cos.  3  a  -f   ....  cos.  n  a  s  .^ 
/x"  +  >  -X         x»-  1    \  _  ,  (x«»-»-*+  1)  (x«  ~  1)  _  , 

\    x-l       '*'x«(x-l)/         ^  x»(x-l)  "■  ^ 

("('^  <■  7gi)  (••  -71) 
I 

Corollary.— Cos.  a  +  cos.  2  a  +  cos.  3  a,  &c.  ad  infinitum 

Per  trigonometry,  sin.  ^  na   x    cos.  (t  ^  +  ^  a)  =  ^  sin. 

U^a  +  w  a|  —  4.  sin.  ^  a,  but  n  a  being  infinitely  great,  ^a  -\- 

n  a  will  likewise  be  infinitely  great ;  and  as  the  sine  of  an  infi- 
nitely great  arc  may  be  nothmg,  we  shall  have  cos.  a  +  cos.  2  a 

+  cos.  3  a,  &c.  ad  infinitum  =  T"*'^'*"  =  —  4. 

sin.  4  o  ^^ 

Prob.  3. — ^To  find  the  sum  of  sin.  a  -f   sin.  (a  +  b)  +  sin. 
(fl  +  2  6)  +   ....  sin.  (a  -f-  w  b). 
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w 


ttr  t.i'ig.  sm.  (I  =  sio.  a 

sin,  (a  +  b)  =  sin.  a  cos.  b  +  sin.  i  cos.  a 
siti.  («  +  2  6)  =  sin.  a  cob.  2  6  +  sin.  2  i  cos.  a 
sin.  (n  +  3  Z>)  =  sin.  a  cos.  3  i  +  sin.  3  li  cos.  a 


sin.  (n  +  ni)  =  sin. a  cos.  »  A  +  sin.  n  &  cos.  a 
Then  by  problems  the  first  and  second,  we  have  the  sum  of 

the  series  = 


fini). 


■>»■  (-i-i- 


"-*("+   lift 


sin.M 


(I.) 


For  sin.  a  x  sin.  -i  Zl=-  ^  cos,  («  —  ^  i)  —  ^  cos.  (a  +  ^  t) 
And  sin.  (a  +  -i  6  +  |  n  A)  sin.  ^  „  (i  =  ^  cos.  (a  +  -i-  /i  i) 

—  4.  cos,  (a  +  4.  i  +  «  A) 
Therefore,  sin.  a  x  sin.  -^  &  +  sin.  (a  +  ^  b  +  ^  nb)sin.  -^  n  b 

=  ^  cos.  (a  —  4.  A)  —  4.  cos.  (n  +  J.  A  +  «  A) 
But  sin.  (fl  +  -1  M  A)  sin,  (4.  A  +  ^  «  i)  =  i  cos.  (a  —  ^  A)— 

4  cos.  {(7  +  4  A  +  w  A) 
Hence  the  equation  marked  (I.)  is  evident. 
Coiuliary. — Sin.  a   +   sin.  (a  +  A)  +  sin.  (a  +  2A)  +  sin. 
(a  +  3  A)&c.  ad  infinitum  =  'J^'^. 

For  in  this  case  «  A  is  infinitely  great ;  therefore  a  -{-  -^  b  + 
nh  is  infinitely  great;  and  since  the  cosine  of  an  infinitely 
great  arc  inai/  be    zero,  therefore   the   sum    of  the    series    ;= 


.in.**  «sin.i4 

ProO.  4, — To  find  the  snm  of  cos.  a    +   cos,  (a  +  A)  +   cos. 

(a  +  2  6)  +    cos.  (a  +  M  A). 

Per  trig.  cos.  a    =  cos,  a 

cos.  (a  4-  A)     =  COS.  a  .cos.      b  —  sin.  a  .  sin.  A 
COS.  (a  +  2  A)  =  COS.  a  .  cos.  2  A  —  sin.  a  .  sin,  2  A 
cos  («  T  3  A)  =  COS.  a  .  cos.  3  6  —  sin.  a  .  sin.  3  A 

COS.  (a  +  H  A)  =  cos.  a  .  cos.  /i  6  —  sin.  a  .  sin.  k  A 

Then  by  problems  the  first  and  second,  the  sum  of  the  series  = 

n-i-l  •>+■ 

CO,.  B  X  i>in.  j-J  +  .in.  J  n  ft  X  cos.  -^  6  x  to.,  a  -  sin.  j  n  »  x  lin.  -5-*  x  slo.a 


Vol.  XV.  N°  V,  Y 


^QS  Col.  Beaufoy  an  the  [Mat, 

For  sin.  ^b  x  pos.  a  ss  4^  sin.  («  -f  4  *)  *"  i  »in.  (a  ^.  ^^) 
And  sin*  4  «  i  x  cos.  (fl  +  4^6  +  ^«6)sB4.  sin.  (a  +  4-  fr 
+  n  6)  —  4.  sin.  (a  +  i  6) 

Therefore  cos.  a  x  sin.  4^  6  -f  cos.  (a  +  -^^^  6  J  sin,  ^  n  b 

ss  4.  sin.  (a  +  ^-A+nft)— 4.  sin.  (a  —  +  A) 
.   Butsin.(4.6  +  +«  6)cos.(a  +  4.116)  =  4.  sin.  (a  H-  4- 6  + 
II  6)  —  4-  sin.  (a  —  4^  6). 
Hence  the  equation  marked  (II.)  is  evident. 
Corollary. — Cos.' a  +  cos.  (a  +  6)  +  cos.  (a  +  2  J)  +  cos. 

(a  +  3  6)  &c.  ad  infinitum  =  —  '  "l  '^  "^A    - 

For  in  this  case  n  b  is  infinitely  great ;  therefore  a  +  4  6  -f 
n  b  is  infinitely  great ;  but  the  sine  of  an  infinitely  great  arc  majf 

be  zero :  therefore  the  sum  of  the  infinite  sines  =  ^     '"'  ,  T*  ■ 

'  SMI*  J  b 

•in.  (a  — 4^) 


Ssio.  4»   * 


Article  Vll. 

On  the  retrograde  Variation  of  the  Compa$$» 
By  Col.  Beaufoy,  RR.S. 

(To  Dr.  Thomson.^ 

MY  DEAH  SIR,  Buihey  Heath,  Siamnore,  Jprilb,  1890. 

Having  completed  three  years'  observations  on  the  diurnal 
variation  of  the  magnetic  needle,  I  have,  for  the  purpose  of 
readily  comparing  the  results,  collected  in  a  table  the  mean 
monthly  variation ;  referring  such  of  your  readers  as  wish  Jbr 
more  specific  information  to  those  numbers  of  the  Annals  of 
Philosophy  which  contain  the  daily  observations,  accompanied 
by  a  meteorological  table. 

By  examining  this  general  table,  it  appears  that  during  the 
first  nine  months  of  the  second  year's  observation,  the  variation 
increased;  fluctuated  during  tne  month  of  January,  1819; 
decreased  in  February,  and  again  fluctuated  in  March  of  the 
same  year,  since  which  period  the  corresponding  mean  monthly 
variation  has  continually  decreased,  which  circumstance  iiiduces 
me  to  conclude  that  the  maximum  of  the  western  declination 
occurred  about  the  month  of  March,  1819.  By  turning  to  the 
first  volume  of  the  Annals  of  Philosophy  ^  it  will  be  found,  that  in 
the  year  1667,  the  compass  had  no  variation,  or  pointed  to.  the 
true  North ;  consequently  the  lapse  of  time  between  the  magnetic 
needle  being  at  zero,  and  its  arrival  at  the  greatest  western 
boundary,  is  162  years.  In  the  same  number  of  the  Annalsy  it  is 
also  recorded,  that  the  declination  of  the  needle  in  1580  was 
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11°  15'  E. ;  but  as  it  is  not  stated  whether  this  was  its  greatest 
excess,  the  discovery  of  the  luaximum  of  eastern  variation  must 
be  left  to  the  assiduity  of  future  ohservera. 

As  the  observatioDs  at  this  place  prove  that  the  needle  is  novf 
retrograde,  it  is  to  be  regretted  that  others,  with  proper  instru- 
ments, have  not  been  made  in  different  parts  or  the  world,  as 
they  would  clear  up  a  point,  at  present  questionable,  whether 
the  increase  and  decrease  of  the  variation  is  simultaneous  in 
every  part  of  the  globe. 

The  on!y  observations  which,  I  believe,  have  been  published 
are  those  of  the  Royal  Society,  commenced  by  the  late  Mr. 
Gilpin,  and  continued  by  the  present  hbrarian  ;  but  notwith- 
B&inding  the  accuracy  of  the  former,  and  the  well-known 
scientific  abilities  of  Mr.  Lee,  these  observations  being  made  in 
a  room  in  which  iron  has  been  used  to  strengthen  the  ceihng 
(and  not  in  the  open  air),  it  is  doubtful  whetlier  the  real  varia- 
tion can  be  truly  ascertained.  Maguetical  observations  have,  I 
beheve,  lately  commenced  in  two  places  ;  at  the  observatory  of 
Glasgow,  and  atChatillon,  in  Burgundy.  Monsieur  le  Due  de 
Ragusa,  under  whose  auspices  the  latter  are  conducted,  instead 
of  allowing  the  needle  to  turn  on  a  point,  suspends  it  by  a  thread 
(fil) ;  but  what  advantages  attend  this  alteration  remain  to  be 
proved. 

Two  needles  were  always  used  for  finding  the  variation  ;  when 
one  set  of  observations  was  made,  the  needle  was  unhung, 
replaced  by  a  second,  and  a  new  series  commenced  ;  and  when 
hoth  were  completed,  the  mean  result  was  considered  as  the  true 
variation;  the  first  needle  was  then  laid  on  a  third,  with  the 
north  end  of  the  one  in  contact  with  the  south  end  of  the  other, 
as  by  this  means  the  magnetic  power  is  preserved,  if  not 
increased. 

The  meteorological  journal  during  the  last  months  is  not  so 
full  as  it  was  my  intention  to  have  made  it :  the  blanks  in  the 
column  entitled  "  Velocity  "  were  caused  by  the  frequent  break- 
ing of  the  machines  with  which  the  wind  was  measured.  The 
machine  best  adapted  for  this  purpose,  provided  the  rate  does 
not  exceed  30  miles  per  hour,  is  described  in  the  Aimah  for 
October,  1818,  The  other  was  constructed  hkc  a  windmill, 
and  a  table  of  the  velocity  of  the  sails  is  given  in  the  Annals  for 
Aug.  1816  :  this  also,  owing  to  the  vast  rapidity  with  which  it 
moved  in  a  strong  wind,  met  with  repeated  accidents,  which 
caused  me  to  discontinue  that  part  of  the  table, 

The  only  merit  1  claim  for  these  observations  is  industry,  and 
a  scrupulous  attention  to  truth  ;  and  should  they  be  found  useiul 
in  throwing  any  hght  on  this  branch  of  natural  knowledge,  I 
shall  have  done  no  more  than  my  duty  towurds  that  learned 
Society  of  which  I  have  the  honoiir  of  being  a  member. 
I  remain,  my  dear  Sip,  your^  very  sincerely, 

Mauk  liE-MTOV. 
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Tabie  containins  the  Morning,  Noon,  and  Evening  Monthly 
Mean  Variation  of  the  Magnetic  Needle  for  three  Yeara.—- 
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Article  VIII. 

Aua/ifsis  of  Petalile,  and  Eiaminaiion  of  ike  Chemical  Properties 
ojLilhia*    By  Dr.  C.  G.  Gmtliii,  of  Tubingen. 

In  vol.  !ix.  p.  241,  of  the  Annalen  der  Physik,  there  is  a 
description  of  the  extenial  characters  of  the  petalite,  and  an 
account  of  some  ofits  properties  "by  Dr.  Clarke. f  I  shall  make 
the  following  additions  to  this  description.  I  found  the  specific 
gravity  of  petalite  weighed  in  water  of  the  temperature  ufbd^" 
=  2-4268. 

Wheii  very  thin  scales  of  it  are  exposed  to  the  action  of  the 
blow-pipe,  they  melt  easily,  and  we  then  perceive  with  the 
naked  eye  that  tlie  surface  of  the  melted  matter  is  full  of  small 
vesicles. 

The  phosphates  dissolve  it  with  difficulty.  The  melted  glass 
bead  is  transparent  as  long  as  it  is  hot,  but  on  cooling,  it  becomes 
opaque.  It  is  colourless,  and  even  the  additiop  of  saltpetre 
(provided  the  petalite  was  pure)  does  not  betray  the  presence  of 
oxide  of  manganese  in  it;  which  it  undoubtedly  would  do,  if 

fetalite  contained,  according  to  the  statement  of  Clarke  and 
lolme,  '2-5  per  cent,  of  oxide  of  manganese. 
Borax  dissolves  it  with  facility.  The  bead  is  transparent  and 
colourless.  Carbonate  of  soda  likewise  dissolves  tt  witli  faciHty. 
I  wished,  before  undertaking  the  analysis  of  petalite,  to  analyze 
some  of  the  salts  of  lithia  which  are  obtained  during  the  analysis 
of  petalite.  My  first  business,  therefore,  was  to  obtain  sulphate 
of  lithia. 

Some  difficulty  occurs  when  we  analyze  petalite  by  means  of 
barytes.  If  we  employ  carbonate  of  barytes,  it  is  necessary  to 
iniv  a  very  great  proportion  of  it  witli  the  petalite ;  and  even 
then  the  decomposition  is  apt  to  be  incomplete,  unless  the  peta- 
Ute  has  been  reduced  to  an  exceedingly  fine  powder.  Jf  we 
employ  nitrate  of  barytes,  a  silver  crucible  is  scarcely  able  to 
wiuistand  the  degree  of  heat  necessary  to  produce  a  complete 
decomposition.  After  having  examined  both  methods,  it 
seemed  to  me  most  adviseable  to  expose  the  mixtiire  of  petalite 
I  and  nitrate  of  barytes  to'a  red  heat  iu  a  platinum  crucible,  though 
\     I  was  aware  that  platinum  is  attacked  by  caustic  barytes. 

A  portion  of  petalite  reduced  to  a  very  fine  powder  hy  washing 
was  triturated  with  five  times  its  weight  fif  crystallized  nitrate  of  • 
barytes,  and  exposed  to  a  white  heat  for  two  hours  in  a  platinum 
criicible.     The  mass,  when  treated  with  muriatic  acid,  appeared 
to  have  been  completely  acted  upon ;  though,  as  is  commontv 
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{he  case  when  minerals  are  decomposed  by  means  of  barytes^ 
the  silica  was  not  entirely  dissolved,  a  considerable  portion  of 
it  appearing  under  the  form  of  light  transparent  white  flocks. 
The  solution  was  evaporated  to  dryness  in  a  platinum  capsule,! 
and  the  silica  separated  by  the  filter.  After  this,  a  greater  por- 
tion of  sulphuric  acid  was  added  to  the  liquid  than  was  necessary 
to  precipitate  the  whole  of  the  baiytes.  The  sulphate  of  bary tes 
was  separated  by  the  filter,  and  the  liquid  was  evaporated  in  a 
platinum  capsule  till  it  was  reduced  to  a  small  quantity  in  order 
to  get  rid  of  the  greatest  part  of  the  excess  of  muriatic  acid 
which  was  present.  It  was  then  supersaturated  with  carbonate 
of  ammonia;  and  after  the  precipitate,  consisting  probably  of 
alumina  and  a  little  oxide  of  iron,  had  been  separated  by  the 
filter,  it  was  evaporated  to  dryness  in  a  large  platinum  crucible, 
and  heated  to  redness,  in  order  to  drive  off  the  muriate  and  sul- 
phate of  ammonia  which  it  contained.  The  residual  mass  was 
redj$solved  in  water,  and  the  solution  mixed  with  hydrosulphuret 
of  ammonia  as  long  as  any  black  precipitate  consisting  of 
sulphuret  of  manganese  continued  to  fall.  The  filtered  solution 
was  again  evaporated  to  dryness,  and  exposed  to  a  red  heat. 
The  sulphate  tnus  obtained  was  dissolved  in  water,  and  decom- 
*  posed  by  means  of  acetate  of  barytes.  The  sulphate  of  bary  tes 
was  separated  by  the  filter.  The  liquid  was  evaporated  to  dry- 
ness, and  the  residual  mass  heated  to  redness  in  a  platinum 
crucible.      The   matter  thus   obtained  exhibited  strongly   the 

Eroperties  of  an  alkali  even  after  it  had  been  well  washed  with 
oiling  water.  The  solution  of  carbonate  of  lithia  in  water  was 
evapoifated  till  the  greatest  part  of  the  salt  was  deposited  in  the 
state  of  a  crystalline  powder;  over  which  a  very  small  portion  of 
liquid  swam.  This  crystaUine  powder  was  thrown  into  ^  funnel 
to  allow  the  liquid  to  drop  from  it,  and  it  was  likewise  wasbed 
with  cold  )vater,  in  order  to  remove  any  trace  of  soda  with  which 
it  might  possibly  have  been  contaminated.  I  must,  however, 
remark,  that  in  my  experiments  on  petalite,  I  have  never  met 
with  any  traces  of  soda. 

A  portion  of  this  pure  carbonate  of  litjiia  was  converted  into  a 
sulphate  by  means  of  sulphuric  acid,  and  rendered  neutral  by 
exposure  to  a  strong  red  heat.  It  was  then  dissolved  in  water 
and  crystallized. 

My  ansdysis  of  this  salt  gives  its  composition  as  follows : 

Sulphuric  acid 68-34  6815 

Lithia 27-25   ..^. 31-85 

^     Water !•.......  14-41 

100-00  100-00 

Its  comes  very  nearly  to  tbe  numbers  given  by  Vauquelin  i^ 
his  analysis  (Ann.  de  Chim.  et  de  Phys.  vii.  287).  The  compo- 
sition of  the  sak^  as  given  by  ihat  chemist^  i§  as  foUows^ ; 
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Sulphuric  acid 692 

Litliia 31-8 


But  it  is  obviouB  that  there  is  a  mistake  in  these  numbers ;  the 
mber  for  lithia,  instead  of  31-8,  should  have  been  30-8.  From 
'  analysis,  it  follows  that  Hthia  is  composed  of 

Lithium 58-05 

Oxygen 4195 


CkemUal  Awjlgiis  of  Fetalile. 

(A.) 

H.  One  hundred  parts  of  petalite,  when  exposed  to  a  red  heat^ 

were  reduced  to  97-83  parts.  Hence  the  loss  of  weight  amounted 

to  2- 17. 

b.  97-83  (2  grammes)  parts  of  petalite,  which  had  been 
exposed  to  a  red  Jieat,  were  mixed  with  four  times  their  weight 
of  carbonate  of  potash,  and  exposed  for  two  hours  to  a  strong 
red  heat  in  a  platinum  crucible.  The  fused  mass  was  dissolved 
in  muriatic  acid,  and  the  solution  evaporated  to  dryness  in  a 
platinumcup.  The  residual  powder  was  boiled  in  water  acidulated 
with  muriatic  acid,  and  the  silica  separated  by  the  filter.  After 
being  washed,  and  dried,  and  heated  to  redness,  it  weighed 
73-37. 

c.  After  the  separation  of  the  silica,  the  solution  was  decom- 
posed by  caustic  ammonia ;  this  threw  down  a  white  precipi- 
tate, which,  when  subjected  to  the  requisite  trials,  exhibited  tlie 
properties  ofalumina.  After  being  washed,  dried,  and  heated  to 
redness,  it  weighed  17-41. 

(/.  To  the  solution  was  now  added  a  portion  of  oxalate  of 
ammonia.  A  precipitate  fell  consisting  of  oxalate  of  hrae, 
which,  in  order  to  convert  it  again  into  carbonate  of  Hine,  was 
exposed  to  a  red  heat,  and  then  heated  in  contact  with  carbo- 
nate of  ammonia.  The  quantity  of  carbonate  of  lime  thui 
obtained  was' equivalent  to  0'32  of  pure  lime. 

e.  The  residual  solution  was  tiow  mixed  with  carbonate  of 
potash,  and  boiled,  A  precipitate  fell,  which  might  have  been 
considered  as  magnesia ;  but  it  was  insoluble  in  sulphuric  acid, 
and  exhibited  the  properties  of  silical.     Its  weight  was  0-8. 

Thus  the  constituenls  of  100  paits  of  petalite  by  the  preceding 
analysts  are  as  follows  ; 
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SUica,i 73-37 

e 0-80 


74-17   74-17 

Alumina,  c 17'41 

Ume,d 0-32 

Moisture,  a 2-17 

94-07 
(B.) 

To  determine  the  portion  of  lithia  contained  in  petalite,  100 
parts  (4  grammes)  of  the  mineral  in  fine  powder  were  mixed  with 
oOO  parts  of  carbonate  of  barytes,  and  exposed  for  two  hours  to 
a  white  heat  in  a  platinum  crucible.  The  mass  did  not  dissolve 
completely  in  munatic  acid,  but  it  was  obvious  from  the  appear- 
ance of  the  residual  matter,  that  it  had  been  completely  acted  on 
by  the  barytes.  The  solution  was  evaporated  to  dryness^  and 
the  silica  separated.    It  weighed  77*5  parts. 

Thus  in  tne  present  experiment,  the  quantity  of  silica  some- 
what exceeds  tnat  found  m  the  preceding  one. . 

After  the  separation  of  the  sihca,  the  Gquid  vras  mixed  with  a 

freater  proportion  of  sulphuric  acid  than  was  requisite  to  throw 
own  the  barytes  :  after  which  the  alumina  and  lime  were  thrown 
dovm  by  digestion  with  carbonate  of  ammonia. 

The  nltered  solution  was,  in  the  first  place,  reduced  to  a  small 
quantity  by  evaporation  in  a  platinum  cup.  It  was  then  evapo- 
rated to  dryness,  and  heated  to  redness  in  a  large  platinum 
crucible  to  get  rid  of  the  muriate  and  sulphate  of  ammonia. 
There  remained  16*2  parts  of  fused  sulphate  of  lithia ;  equivalent 
to  5*16  parts  of  lithia. 

Hence  the  constituents  of  petalite  are  as  follows  r 

Silica 74*17 

Alumina , 17*41 

Lithia • •  •  •  •    5*16 

Lime .• ,...     0-33 

Moisture 2-17 


99-23 
Loss , 0-77 


100*00 


This  analysis  differs  considerably  from  that  made  by  Messrs. 
Clarke  and  Holme.  Besides  their  not  having  found  any  indica- 
tion of  the  presence  of  an  alkali,  the  quantity  of  oxide  of  manga- 
nese which  they  detected  is  by  far  too  great.  In  perfectly  pure 
specimens  of  petalite,  which  I  selected  for  my  analysis,  I  could 
detect  no  manganese  whatever ;  though  its  presence  was  obvious 
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in  less  pure  specimens  of  a  pale  rose  red  colour,  which  I  gene- 
rally laid  aside  as  not  sufficiently  pure  for  my  purpose. 

Chemical  Properties  of  Lithia. 

The  greater  number  of  these  properties  are  already  known  j 
from  the  experiments  of  Arfvedaon   and   Vauqueiin.      I  liare   I 
extended  my  researches  somewhat  further;  and  I  have  some* 
times  obtained  results  a  httle  different  from  ^ese  chemists. 

Caaslic  Lithia. — Into  a  solution  of  sulphate  of  lithia  in  a  glass 
tube  furnished  with  a  glass  stopper  baryles  water  was  dropped  as 
long  as  a  precipitate  continued  to  fall.  Much  patience  was 
necessary  to  obtain  a  liquid  neither  precipitated  by  barytes 
water,  nor  by  sulphuric  acid.  The  solution  of  caustjc  lithia  was 
filtered  as  rapidly  as  possible  into  a  tubulated  retort,  to  whicli  a 
receiver  had  oeen  previously  adjusted.  The  solution  was  then 
distilled  by  placing  the  retort  un  a  sandbatli.  When  the  liquid 
in  the  retort  became  very  concentrated,  a  white  powder  sepa- 
rated,  and  likewise  some  small  granular  crystals  whose  form 
could  not  be  determined.  These  fell  while  the  liq[uid  was  still 
hot. 

The  retort  was  now  taker,  from  the  fire  and  placed  in  a  cellar 


1 
I 


appeared  to 
til  at  caustic 


without  exposing  the  liquid  which  it  coulained  to  the  action  of 
the  air.     Keither  the  powder  nor  the  small  crystals  ai  '  ' 

increase  during  the  cooling.  Hence  it  would  appear  ti 
lithia  is  not  much  more  soluble  in  hot  than  in  cold  water.  The 
very  concentrated  solution  was  evapomted  to  dryness  in  a  plati- 
num crucible  by  means  of  a  spirit  lamp.  By  this  means  dry 
caustic  lithia  was  obtained  in  which  acids  could  detect  no  trace 
of  carbonic  acid. 

A  portion  of  this  matter  exposed  to  heat  in  a  platinum  crucible 
melted  before  it  became  sensibly  red-hot.  The  fu.'^ed  mass  wan 
transparent.  When  allowed  to  cool  in  the  open  air  so  as  to 
absorb  carbonic  acid,  it  became  opaque. 

Caustic  lithia  has  a  very  sharp  burning  taste.  It  destroys  the 
cuticle  of  the  tongue,  like  potash,  and  seems  to  me  in  point  of 
causticity  very  nearly  to  equal  that  alkali.  It  does  not  dissolve 
with  great  facility  in  water.  But  the  small  quantity  with  which 
I  was  provided  did  not  allow  me  to  determine  the  exact  solubihty 
of  it  in  that  liquid.  It  appeurs,  as  has  been  already  observed, 
not  to  be  much  more  soluble  in  hot  than  in  cold  water.  In  this 
respect  it  has  an  analogy  with  lime.  Heat  is  evolved  during  its 
solution  in  water. 

When  exposed  to  the  air,  it  does  not  attract  moisture,  but 
absorbs  carbonic  acid,  and  becomes  opaque.  When  exposed 
for  an  hour  to  a  white  beat  in  a  covered  platinum  crucible,  its 
bulk  does  net  appear  to  be  diminished;  but  it  has  absorbed  a 
quantity  of  carbonic  acid.  *  , 

It  dissolves  only  in  smull  quantity  in  alcohol  of  the  speciflftl 
gravity  Q-$o.    When  i^  t:uk  alculiot  is  added  to  au  ai\ueoUb  -si-'' 
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lion  of  lithia  in  a  well-stopped  phial^  no  change  takes  place  at 
first ;  but  after  sonie  hours^  the  lithia  precipitates  in  the  state  of 
a  white  powder. 

Lithia  unites  with  sulphur,  according  to  Vauquelin.  Sulphuret 
of  lithia  has  a  yellow  colour,  dissolves  readily  in  water,  and  is 
decomposed  by  acids  in  the  same  way  as  the  other  alkaline 
sulphurets. 

rhosphorus  decomposes  water  with  the  help  of  caustic  lithia. 
If  we  heat  in  a  retort  phosphorus  with  a  solution  of  caustic  lithia 
in  water,  phosphuretted  hydrogen  g^  is  disengaged,  which 
catches  fire  when  it  comes  mto  the  air.  I  have  not  attempted 
to  form  a  solid  combination  of  phosphorus  and  lithia. 

Neutral  Sulphate  of  Lit/ua  forms  small  jprismatic  crystals, 
having  a  good  deal  of  lustre,  sometimes  constituting  pretty  long, 
but  narrow  tables.  When  exposed  to  the  air,  they  only  undergo 
an  insignificant  efflorescence.  This  salt  has  asaUne  and  scarcely 
bitter  taste.  It  dissolves  pretty  readily  in  water,  and  melts  when 
exposed  to  a  temperature,  scarcely  reaching  a  red  heat. 

Bisulphate  of  Lithia  dissolves  in  water  with  greater  facility 
than  the  neutral  salt.  It  forms  six-sided  tables,  in  which  two  of 
the  faces,  which  are  parallel  to  each  other,  far  exceed  the 
remaining  ones  in  length.  When  exposed  to  a  very  high  tem- 
perature, it  gives  out  sulphurous  acid  and  oxygen  gas,  and  is 
converted  into  the  neutral  sulphate. 

According  to  Arfvedson,  this  bisalt  dissolves  virith  more  diffi- 
culty in  water  than  the  neutral  salt. 

Phosphate  of  Lithia. — Phosphoric  acid,  when  dropped  into 
the  solution  oi  sulphate  of  lithia,  occasions  no  precipitate.  But 
when  the  uncombined  acid  is  saturated  by  ammonia,  the  phos- 
phate of  lithia  is  precipitated  in  the  state  of  white  flocks,  which 
are  insoluble  in  water. 

When  a  drop  of  phosphoric  acid  is  let  fall  into  a  very  dilute 
solution  of  carbonate  of  lithia,  no  precipitate  falls  ;  but  when  the 
liquid  is  heated,  the  carbonic  acid  gas  is  disengaged,  and  phos- 
phate of  lithia  falls  down.  From  this  it  would  seem  that  the 
solubility  of  phosphate  of  lithia  in  water  is  owing  to  the  presence 
of  the  carbonic  acid. 

There  exists  hkewise  a  biphosphate  of  lithia.  It  is  obtained 
by  dissolving  the  neutral  salt  m  phosphoric  acid.  By  a  very 
slow  evaporation  of  this  solution,  we  obtain  transparent  granular 
fcrystals. 

Nitrate  of  lithia  forms  four-sided  prisms  with  rhomboidal 
)[>ase9.  It  has  a  very  pungent  taste,  and  seems  to  me  to 
surpass  almost  all  other  salts  in  deliquescency.  In  a  very  hot 
day,  it  crystallized  in  the  sun ;  but  deliquesced  again  in  the 
shade.     It  dissolves  in  the  strongest  alcohol. 

Carbonate  of  lithia  constitutes  a  white  powder.  It  dissolves 
with  great  difficulty  in  cold  water.  According  to  Vauquelin,  100 
parts  of  water  scarcely  difcssolve  one  part  of  this  spit.     It  is  rnorQ 
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Boluble  in  hot  water.  A  solution  of  carbonate  of  lithia  containing 
only  TTrirB*^i  °^  its  weight  of  the  salt,  acts  atrongly  as  an  alkali. 

0'535  gramme  of  dised  carbonate  of  lithia  were,  by  means  of 
sulphuric  acid  and  exposure  to  a  strong  heat,  converted  intoi 
0*765  of  iieutral  sulphate  of  lithia.  Now  this  quantity  of  sulphabc) 
contains  0-2436  of  lithia. 

I}eace  0:535  of  carbonate  of  lithia  are  composed  of 

Lithia 0-2436 

Carbonic  acid 0-2914 

0-5350 
Or  in  the  100  parts, 

Litbia 45*64 

Carbonic  acid 54*46 

100*00 

But  the  oxygen  in 

45-54  lithia  is =   19*09 

54*46  carbonic  acid =  39*59 

and  2  X  19*09  =  38*18,  a  numberdifferingbutlitt]eJrom39*59. 
This  analysis,  therefore,  corresponds  very  nearly  with  the  law 
discovered  by  Beizelius,  according  to  which,  in  all  neutral  car- 
bonates, the  oxygen  in  the  acid  is  double  the  quantity  of  that  ia 
the  base. 

To  ascertain  whether  a  bicarbonate  of  lithia  can  be  formed,  I 
caused  a  stream  of  carbonic  acid  gas  to  pass  in  a  cool  place 
through  a  solution  of  carbonate  of  lithia  in  which  there  was  a 

Quantity  of  undissolved  carbotiate.  This  last  portion  was  spee- 
dy dissolved  by  the  carbonic  acid ;  but  I  could  not  obtain  a 
single  crystal  of  bicarbonate.  On  exposing  the  liquid  to  a  veiy 
moderate  heat,  a  quantity  of  carbonic  acid  gas  was  diseng^ed, 
and,  when  the  liquid  cooled,  the  neutral  carbonate  of  lithia  was 
again  precipitated. 

The  solution  of  carbonate  of  lithia  is  decomposed  by  lime  and 
barytes  water.     It  is  insoluble  in  alcohol. 

There  dissolves  an  exceedingly  small  portion  of  carbonate  of 
glucina,  even  when  the  carbonate  of  glucina  is  dissolved  in 
muriatic  acid,  and  the  solution  boiled  with  an  excess  uf  carbonate 
of  lithia. 

1  made  the  observation  that  the  platinum  crucible  in  which 
ci^rbonate  of  lithia  has  been  exposed  to  a  red  heat  gives  obvious 
indications  of  having  been  attached,  its  surface  assuming  a  dark 
o|ive-green  colour;  but  the  metallic  lustre  ia  again  restored  by 
rubbing  the  crucible  with  coarse  sand  and  water. 

Muriate  of  hthia  forms  small  regular  cubes  very  similar  to 
common  salt  in  their  taste.    The  easiest  method  of  obtaining  th« 
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crystals  is  to  expose  the  solution  to  the  sun  in  a  hot  day.*  The 
crystals  deliquesce  very  speedily,  when  exposed  to  the  air,  but 
not  with  so  much  rapidity  as  nitrate  of  lithia.  This  salt  does 
not  melt  when  exposed  to  the  red  heat  produced  by  the  action 
of  a  spirit  lamp ;  but  when  exposed  in  a  platinum  crucible,  not 
completely  covered,  to  an  incipient  white  neat,  it  is  fused. 

Borate  of  Lithia. — The  aqueous  solution  of  boracic  acid  does 
not  easily  decompose  the  solution  of  carbonate  of  lithia  at  a  boil- 
ing heat.  After  the  evaporation  of  the  liquid,  the  borate  of 
lithia  is  obtained  in  the  state  of  a  gummy,  transparent  matter, 
which  absorbs  moisture  in  a  damp  place,  and  dissolves  with 
facility  in  water. 

The  biborate  of  lithia  forms  a  crystalline  mass.  I  have  not 
been  able  to  determine  the  shape  of  the  crystals;  though  I 
observed  some  three-sided  pyramids,  and  some  granular  crystals. 
These  crystals  do  not  dissolve  readily  in  water ;  yet  they  seem 
to  be  more  soluble  than  boracic  acid.  When  acetic  acid  is 
poured  into  the  solution,  boracic  acid  is  immediately  precipi- 
tated. 

During  these  experiments  I  made  an  observation,  which  I  shall 
mention  here,  as  Ido  not  know  whether  it  be  generally  known. 
Tlie  solution  of  boracic  acid  in  water  gives  a  reddish-brown 
colour  to  turmeric  paper,  prepared  fiom  a  spirituous  tincture  of 
turmeric  root,  pretty  much  as  a  weak  alkaline  solution  would  do ; 
while  it  acts  in  the  usual  manner  upon  litmus  paper.  To  render 
the  brownish-red  colour  of  the  turmeric  paper  apparent,  it  must 
be  allowed  to  dry. 

Chro?nate  of  Lithia  forms  orange-yellow  crystals,  which 
appear  to  contain  an  excess  of  acid.  They  are  oblique  parallelo- 
pipeds  with  rhomboidal  bases.  Sometimes  they  exhibit  dendxi- 
tical  vegetation.     This  salt  is  soluble  in  water. 

Tint gst ate  of  Lithia. — When  carbonate  of  lithia  is  boiled  with 
tungstic  acid,  previously  exposed  to  a  red  heat  (prepared  from 
wolfram  by  means  of  muriatic  acid  and  ammonia),  carbonic  acid  is 
disengaged,  and  we  obtain  a  compound  of  tungstic  acid  and 
lithia ;  but  the  decomposition  of  the  carbonate  of  lithia  takes 
place  very  slowly.  Tungstate  of  lithia  forms  very  large  crystals 
consisting  of  obHque  low  prisms  with  very  oblong '  rhomboidal 
bases,  llie  taste  of  this  salt  is  first  sharp,  then  sweet,  and 
finally  astringent.     It  appears  to  be  pretty  soluble  in  water. 

Oxalate  of  Lithia, — A  portion  of  carbonate  of  lithia  was  satu- 
rated with  oxalic  acid.  The  neutral  salt  crystalHzes  with 
difficulty.  The  crystals  .have  the  appearance  of  small  opaque 
protubevances,  and  dissolve  with  facility  in  water.  To  the 
neutral  solution  of  oxalate  of  lithia  was  added  a  quantity  of 
oxalic  acid  exactly  equal  to  that  already  combined  with  the 

*  Aifvedsoo  did  not  bring  the  &alt  to  crystallizatioo, 
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lithia.  By  evaporation,  small  transparent  granular  crystals  of 
binoialale  of  iilhia  were  obtained.  Tiiey  appeared  to  dissolve 
witli  facility  in  water,  though  not  to  be  so  soluble  as  the  neutral 
salt. 

Neutral  tartrate  of  Itlkia  dissolves  with  facihty  in  water,  but 
does  not  crystallize,  forming  a  white  opaque  mass,  which  doea 
not  deliquesce  when  exposed  to  the  air.  When  tartaric  acid  ia 
added  to  the  solution  of  the  neutral  tartrate,  no  erystallizable 
bitartrate  is  formed ;  but  perhaps  we  may  deduce  the  existence 
of  such  a  salt  from  the  fact  that  when  the  solution  is  evaporated 
no  crystals  oftattaric  acid  mate  their  appearance. 

When  the  solutionis  evaporated  to  dryness,  we  obtain  a  white 
opaque  mass,  which  exhibits  no  appearance  of  crystallization, 
and  which  dissolves  with  facility  in  water. 

Acetate  of  LilAia,  when  evaporated,  forms  a  syrupy  masa, 
which  cracks  on  cooling;  so  that  the  glass  looks  as  if  it  had  bursV 
This  matter  deliquesces  in  the  air,  and  sometimes,  while  attract- 
ing moisture,  crystalline  plates  appear  in  it. 

G allot e  of  Lithia. — Gallic  acid*  decomposes  the  carbonate 
of  hthia  with  great  facility.  It  forms  a  dark-green  solution, 
which  possesses  a  strong  colouring  power.  The  concentrated 
solution,  even  when  air  is  excluded,  assumes  a  brownish,  and  at 
last  almost  a  blood-red  colour.  When  evaporated  in  the  air, 
gailate  of  lithia  remains  in  the  state  of  a  black  matter  which 
Hoes  not  crystallize.  A  very  dilute  solution  of  gaJlate  of  lithia, 
when  left  exposed  to  the  air,  becomes  gradually  darker  and 
darker,  and  a  brownish  powder  separates  from  it. 

Benzoate  of  Lithia. — Benzoic  acid  readily  decomposes  carbo, 
nate  of  lithia,  and  forms  a  salt,  very  soluble  in  water,  which  doe? 
not  crystallize,  but  constitutes  a  white  opaque,  mass,  which  doe^ 
not  dehquesce.  When  heated  to  redness,  it  is  converted  intfl 
carbonate  of  lithia,  and  it  leaves  behind  it  a  very  bulky  charcoal. 

Saclaclate  of  Lithia. — Saclactic  acid  +  readily  decomposes 
carbonate  of  lithia  when  assisted  by  heat.  When  the  solntioa 
is  slowly  evaporated,  it  deposits  white,  brilliant  needles,  which 
are  rather  dehquescent,  and  dissolve  readily  in  water. 

Malate  of  Lithia. — Malic  acid  J  decomposes  the  carbonate  of 
lithia  with  great  facility ;  but  I  was  neither  able  to  obtain  a 
malate  nor  bimalate  of  lithia.  Both  forai  a  syrupy  mass,  which 
did  not  become  dry  when  heated.  Indeed  it  was  not  in  my 
power  to  obtain  malic  acid  in  the  state  of  crystals. 

But  when  carbonate  of  potash  was  added  to  the  same  acid,  so 
that  there  was  still  an  excess  of  acid  in  the  solution,  it  was  easy  , 
to  obtain  crystals  of  bimalate  of  potash.    They  consisted  of,, 

*  It  mi  prepared  by  Ihe  ocir  process  of  Braconnnt. — (See  Aua.  de 
Phf).  iic.lHl,) 

-f   1 1  was  prpporEtl  from  sugar  of  milk  liy  mEnn;  nf  nilrir  ac'iA. 

i  II  was  prrparcd  hy  decompcisiiig  pure  lurhatr  of  li-ad  by  vieam  o 
(*d  hydrofieii  gas. 
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collections  of  smftU  needles^  usually  radiating  from  a  commoa 
centre. 

Double  Salts. 

Tartrate  of  Lithia'^nd-Potash. — If  the  excess  of  acid  of 
bitartrate  of  potash  be  saturated  by  meahs  of  carbonate  of  lithia^ 
we  obtain^  by  spontaneous  evaporation,  a  salt  which  forms  large 
crystals,  haying  the  shape  of  four-sided  prisms  terminated  by 
parallelograms,  with  angles  very  nearly  nght.  The  diagonals 
of  these  terminal  faces  are  distinctly  marked,  and  the  four 
triangles  formed  by  means  of  them  are  streaked  parallel  to  the 
edges  of  these  faces.  I  dissolved  this  salt  repeatedly  in  water, 
and  crystallized  it  again,  and  always  obtained  the  very  same  kind 
of  crj'stals ;  so  that,  by  this  property,  lithia  seems  to  be  very  well 
characterized.  This  salt  dissolves  readily  in  water,  and  has  a 
saUne  and  scarcely  bitter  taste.  When  exposed  to  the  air,  it 
effloresces  slightly,  and  only  on  the  surface. 

Tartrate  of  Lithia-and'Soda, — Bitartrate  of  soda  was  neutra- 
lized by  means  of  carbonate  of  lithia.  By  spontaneous  evapora- 
tion, the  liquid  deposited  lon^  rectangular  four-sided  pnsms, 
frequently  terminated  by  an  oblique  face.  This  salt  dissolves 
with  facility  in  water,  and  effloresces  only  slightly  and  on  the 
surface.     Its  taste  is  purely  saline,  and  not  strong. 

Sulphate  of  Alumina-avd-Lithia. — No  crystallized  salt  analo- 
gous to  alum  can  be  formed  by  combining  these  substances 
together.  I  mixed  three  different  times  together  solutions  of 
pure  sulphate  of  alumina  and  sulphate  of  lithia,  and  subjected 
the  mixture  to  spontaneous  evaporation.  I  always  obtained  a 
white,  opaque  mass,  not  crystallized.  This  does  not  agree  with 
the  experiments  of  Arfvedson,  who  obtained  crystals  by  the 
spontaneous  evaporation  of  such  a  mixture,  which  had  very 
much  the  appearance  and  taste  of  alum. 

Muriate  of  Platinum  does  not  form  a  double  salt  with  muriate 
of  lithia.  Potash  and  lithia,  therefore,  may  be  very  well  distin- 
guished from  each  other  by  means  of  muriate  of  platinum. 

Attempt  to  procure  Lithium  the  Basis  of  Lithia. 

A  small  portion  of  caustic  lithia  still  remaining  in  my  posses- 
sion, I  endeavoured  to  procure  from  it  the  combustible  substance 
which  constitutes  its  basis ;  but  as  I  was  not  in  possession  of  a 
very  powerful  galvanic  battery,  I  tried  whether  I  could  not  form 
an  amalgam  of  it  with  mercury.  I  employed  for  the  experiment 
182  pairs  of  copper  and  zinc  plates,  the  surface  of  each  of  which 
amounted  to  3-^.  French  inches  square.  The  caustic  lithia  was 
put  into  a  small  platinum  cup,  and  brought  by  meanfe  of  water  to 
the  consistence  of  pap.  Into  this  matter  a  globule  of  mercury- 
was  put,  ^  hich  was  brought  into  contact  with  the  negative  pole 
of  the  battery;  while  the  platinum  cup  was  in  contact  with  the 
positive  p(  le.  The  contact  was  effected  by  means  of  platinum 
wires. 
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In  a  short  time  a  change  was  perceived  in  the  globule  of  mer- 
cury. It  had  become  larger,  and  had  assumed  a  red  colour ;  and 
on  the  under  side  of  the  globule,  which  was  in  contact  with  the 
lithia,  a  black  crust  soon  appeared.  I  put  both  the  globule  and 
the  black  crust  into  rectified  naphtha. 

I  distilled  off  the  mercury  in  an  apparatus  similar  to  that 
described  by  Davy,  in  his  paper  on  the  bases  of  the  alkaline 
earths.  The  only  peculiarity  in  my  apparatus  consisted  in  this, 
that  from  the  hollow  glass  ball  which  served  the  purpose  of  a 
receiver,  there  passed  a  tube  of  safety  whicli  plunged  into  mer- 
cury. The  whole  distilled  over  without  leaving  any  residue,  and 
the  water  in  contact  with  which  the  mercury  had  beeu  put  did 
not  possess  alkahne  properties.  It  would  appear  from  this  that 
the  metallic  basis,  as  fast  as  it  was  formed,  Bad  been  again  con- 
verted into  an  oxide.  The  black  crust,  which  existed  only  ia 
minute  quantity,  was  probably  a  mixture  of  suboxide  of  lithium 
and  oxide  of  mercury ;  for,  when  heated  with  water,  its  quantity 
was  diminished,  the  water  exhibited  alkahne  properties,  and  an 
oxide  of  mercury  remained  behind. 

Sir  Humphry  Davy  has  obtained  lithium,  and  fomid  it  tQ 
resemble  sodium  in  its  properties. 
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From  the  preceding  account  of  the  salts  of  lithia,  we  see  that 
they  have  many  properties  in  common  with  the  salts  of  soda. 
Like  them,  they  are  neither  precipitated  by  muriate  of  piatinum, 
nor  by  tartaric  acid.  They  may,  however,  be  distinguished  from 
the  saltsof  soda  by  the  folio  wing  properties:  When  their  concen- 
trated solutions  are  mixed  with  a  concentrated  solution  of  car- 
bonate of  soda,  a  precipitate  falls.  They  are  likewise  precipitated 
by  phosphate  of  soda  and  phosphate  of  ammonia,  when  BA 
oncombined  acid  is  present. 

In  reference  to  analytical  chemistry,  I  may  remark  that  lithia, 
potash,  and  soda,  if  they  should  exist  in  the  same  compound, 
may  be  separated  in  the  following  way : 

Lithia  may  be  precipitated  by  means  of  phosphoric  acid  and  an 
excess  of  caustic  ammonia.  The  phosphate  of  lithia  may  be 
dissolved  in  acetic  acid,  and  the  phosphoric  acid  precipitated  bjr 
means  of  acetate  of  lead,  &C. 

When  lithia  exists  in  a  compound  along  with  potash,  this  last 
alkah  may  be  precipitated  by  means  of  muriate  of  platinum. 

From  the  results  of  the  preceding  experiments,  we  see  that  if 
10  be  the  equivalent  number  for  oxygen,  the  equivalent  number 
for  lithium  is  13-83,  and  for  lithia  23-83  ;  that  for  carbonate  of 
lithia  by  calculation  51'32 ;  but,  according  to  the  precedii^ 
experiments,  52'32 ;  Sac. 
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Article  IX, 

Experiments  to  determine  tlie  Composition  of  different  inorganic 
bodies  which  serve  as  a  Basis  to  the  Calculations  relative  to  the 
Theory  of  Chemical  Proportions.     By  J.  Berzelius. 

« 

(Cottiinuedfrom  p.  2«(3.) 

Composition  of  the  Acids  of  Arsenic ;  their  Capacity  of  Satura^ 
tion  ;  Oxide  and  ISulphureis  of  Arsenic. 

The  experiments  of  the  greater  number  of  chemists  agree  in 
general  that  arsenic  absorbs  about  a  third  of  its  weight  of  oxygen  to 
become  arsenious  acid^  and  half  its  weight  to  become  arsenic 
acid.  Such  also  was  the  result  of  some  experiments  which  I 
made  on  the  subject  long  ago.  I  conceived  that  I  ascertained  at 
the  same  time  that  the  capacity  of  saturation  of  arsenic  acid  was 
16*66,  and  that  consequently  this  acid  contained  twice  as  much 
oxygen  as  the  base  with  which  it  was  combined.  But  the  same 
observations  which  induced  me  to  make  a  new  examination  of 
the  acids  of  phosphorus  led  me  to  undertake  experiments  on  the 
acids  of  arsenic.  These  first  experiments  gave  me  inaccurate 
results.  I  found  that  the  capacity  of  saturation  of  arsenic  acid, 
in  its  neutral  combinations,  was  13*8,  a  number  which  was  not 
a  submultiple  of  the  oxygen  of  the  acid  as  I  had  found  in  the 
other  acids.  Hence  I  concluded  that  the  analyses  had  given 
inaccurate  results ;  and  the  more  so  as  M.  Laugier  had  tound 
that  100  arsenic  combine  with  71*8  sulphur;  a  quantity  which 
does  not  agree  in  any  manner  with  the  ordinary  ratio  between 
sulphur  and  oxygen  in  the  other  metals.  I,  therefore,  had 
recourse  to  the  analytical  method,  as  synthesis  had  hitherto  been 
employed  to  determine  the  composition  of  these  acids,  I  mixed 
arsenious  acid  with  sulphur,  and  I  heated  the  mixture  in  a  retort 
till  the  acid  was  completely  converted  into  sulphuret.  One  hun- 
dred parts  of  arsenious  acid  lost  in  sulphur  and  in  oxygen  61 
parts,  of  which  30-1-  must  have  been  oxygen.  Making  use  of 
this  analysis  as  the  basis  of  my  calculations,  and  admitting  that 
arsenic  forms  arsenic  acid  with  one  and  a  half  times  as  much 
oxygen,  it  follows  that  in  the  neutral  arseniates  the  acid  contains 
three  times  the  oxygen  of  the  base,  and  in  the  subarseniates 
twice  that  quantity.  The  analysis  of  sulphuret  of  arsenic  by  M • 
Laugier  agreed  perfectly  with  the  composition  of  an  oxide  of 
arsenic,  in  which  the  radical  is  combined  with  half  the  oxygen 
contained  in  the  acid,  and  it  induced  me  to  consider  the  exist- 
ence of  such  an  oxide  probable.  This  almost  perfect  coinci- 
dence surprised  me  so  agreeably  that  1  thought  it  unnecessary 
to  repeat  the  analytical  experiment.  The  result  of  this  experi- 
ment^ however,  was  inaccurate,  owing  to  a  cause  to  which  1  did 
not  at  the  lime  attend.    T\\e  ex^mm^wl  \\^%  made  in  a  retort,  of 
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which  the  misture  did  not  fill  more  than  a  fifth  part.  The  con- 
sequence was,  that  a  portion  of  the  sulphur  was  oxidized  at  the 
expense  of  the  air  of  the  retortj  and  thus  considerably  increased 
the  loss  of  sulphur. 

Having  found  that  the  acids  of  phosphorus  follow  different 
laws  from  all  the  other  acids  that  I  had  occasion  to  examine,  I 
thought  it  likely  that  the  acids  of  arsenic  might  follow  the  Eame 
laws.  This  idea  induced  me  to  resume  the  examination  of  these 
acids. 

One  hundred  parts  of  arsenic  were  acidified  by  means  of  nitro- 
rouriatic  acid,  and  the  liquid  was  evaporated  till  the  volatile  acids 
were  driven  off.  The  arsenic  acid  remaining  was  dissolved  by 
water  acidulated  with  a  httle  nitric  acid,  and  400  parts  of  oxide 
of  lead,  just  exposed  to  a  red  heat,  were  added  to  it.  This  mix- 
ture was  allowed  to  digest  for  some  hours.  It  was  then  evapo- 
rated to  dryness,  and  exposed  to  a  red  heat  till  no  more  nitrous 
vapours  were  exhaled.  The  oxide  of  lead  had  been  added  that 
the  presence  of  water  in  arsenic  acid  might  not  alter  the  result. 
This  experiment  was  several  times  repeated,  and  it  gave  results 
which  varied  between  150  and  152  of  arsenic  acid  produced  from 
100  of  metal.  This  experiment,  though  not  very  precise  in 
itself,  proves,  however,  very  nearly  the  dose  of  oxygen  absorbed. 

2-2715  grammes  of  pure  aisenious  acid  were  melted  with  aa 
equal  weight  ofpure  sulphur  in  a  small  apparatus  made  by  a 
glass  blower.  Tlie  bulb  of  this  apparatus  was  entirely  filled  by 
the  pulverized  mass.  The  sulphurous  acid  gas  passed  through  a 
long  glass  tube  curved  into  a  spiral,  and  whose  mouth  was  shut 
by  a  piece  of  filtering  paper  to  retain  the  flowers  of  sulphur,  a 
small  quantity  of  which,  without  this  precaution,  might  have 
made  its  escape  with  the  gas.  began  by  heating  the  bottom 
of  the  bulb  by  a  very  smsJl  oil  lamp ;  and  by  this  means  the 
disengagement  of  the  sulphi~-')us  acid  began  at  the  bottom, 
before  the  surface  had  acouuiiid  the  temperature  necessary  to 
kindle  the  sulphur.  Thus  ttie  sulphurous  acid  gas  assumed  the 
place  of  the  small  quantity  of  air  in  the  tubes  before  it  was 
decomposed.  1  then  made  use  of  a  spirit  of  wine  lamp,  and  the 
experiment  was  continued  as  long  as  any  gas  continued  to  be 
disengaged,  which  was  from  five  to  six  hours.  When  the  appa- 
ratus was  cold,  and  the  sulphurous  acid  gas  replaced  by  air,  the 
whole  was  weighed.     It  had  lost  1-084  gramme. 

2'203  grammes  of  arsenious  acid  in  a  similar  experiment  gave 
1*069  of  sulphurous  acid.  From  these  two  experiments,  the 
last  of  which  was  made  with  peculiar  cave,  arsenious  acid  con- 
tains 24'176per  cent,  of  oxygen. 

A  gramme  of  arsenious  acid  dissolved  by  dilute  muriatic  acid 
was  precipitated  by  a  current  of  sulphuretted  hydrogen  gas. 
Care  was  taken  to  boil  the  hquid  a  quarter  of  an  hour  betbt^ 
introducing  the  gas.     The  precipitate  Vvad  a,  ?ine.  \eto.Qt\--5'^«^ 
colour.     It  was  collected  on  a  ftlter  and  v)e\\  nn^^W*..    X>-i\fei.  ■<>>- 
^^vL.  XV.  K°  v.  L  _m 
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a  temperature  a  little  above  212^,  it  weighed  1'245*  From  the 
quantity  of  oxygen  absorbed  by  the  hydrogen  of  the  sulphuretted 
hydrogen  eas,  arsenious  acid  should  contain  24*218  j>er  cent,  of 
oxygen.  According  to  these  experiments,  100  arsenic  combine 
with  31*884  oxygen,  and  not  with  33-^,  as  has  been  hitherto 
beUeved.  And  as  experiment  proves  that  100  arsenic  absorb 
more  than  50  to  become  arsenic  acid,  it  follows  that  the  ratio  of 
the  oxygen  in  the  two  acids  of  arsenic  cannot  be  that  of  2  to  3. 
It  remains,  therefore,  to  try,  whether  the  ratio  between  the 
oxygen  of  phosphorous  and  phosphoric  acids ;  that  is  to  say, 
3  to  5,  does  not  hold  Ukewise  in  the  corresponding  acids  of 
arsenic.  In  this  case  3:5::  31*884  :  53*14.  If  this  is  the  case, 
we  have  reason  to  expect  that  the  acids  of  arsenic  will  deviate 
from  the  laws  of  the  combinations  of  oxided  bodies  in  the  same 
way  as  the  acids  of  phosphorus.  Let  us  ihen  examine  the  capa* 
city  of  saturation  of  arsenic  and  arsenious  acids. 

Arseniate  of  Lead.^^A  solution  of  nitrate  pf  lead  was  mixed 
with  a  solution  of  arseniate  of  soda,  with  the  precaution  of  not 
precipitating  all  the  arsenic  acid.  The  precipitate  was  washed, 
dried,  and  heated,  to  redness :  10  grammes  of  arseniate  of  lead 
decomposed  by  sulphuric  acid  produced  8*953  grammes  of  sid- 
phate  of  lead.  According  to  this  experiment,  arseniate  of  lead 
IS  composed  of 

Arsenic  acid 34*14   100*00 

Protoxide  of  lead 65*86   192*91 

Now  192*91  parts  of  oxide  of  lead  contain  13*834  of  oxygen. 

One  part  of  arseniate  of  lead  which  had  not  been  aned  was 
digested  with  caustic  ammonia,  and  then  washed  and  dried  at 
a  red  heat :  100  parts  of  subarseniate  of  lead  thus  obtained, 
decomposed  by  sulphuric  acid,  produced  101*6  parts  of  sulphate 
of  lead.    Hence  this  subsalt  is  composed  of 

Arsenic  acid 25*25   100*00 

Oxide  of  lead 74*75   296*04 

But  192*91  X  li  =  299*3.*  Hence  it  is  evident  that  abstract- 
ing the  errors  of  tfie  analytical  experiments,  arsenic  acid  combines 
in  the  subsalt  with  one  and  a  half  times  as  much  base  as  in  the 
neutral  arseniate. 

Arseniate  of  Barytes, — It  was  prepared  by  pouring  nitrate  of 
barytes  into  a  solution  of  crystallized  arseniate  of  soda,  to  which 
a  little  arsenic  acid  was  added ;  so  that  the  alkaline  reaction  was 
removed  as  exactly  as  possible.  No  precipitata  appeared  at  first; 
but  after  an  interval  of  a  few  moments,  the  arseniate  of  barytes 
precipitated  in  the  form  of  small  crystalline  scales,  which  were 
washed  and  dried  at  a  red  heat.     Ten  grammes  of  this  arseniate 

♦  192'01  X  14  =  28»-36.— T. 
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of  barytes  produced  8693  grammes  of  sulphate  of  baryteS: 
Hence  tbe  salt  is  composed  of 

Arsenic  acid 42-94   lOO'OO 

Barytes 57-06   132-88 

These  132-88  parts  of  barytes  contain  13-8867  parts  of  oxygenj 
which  approaches  very  nearly  to  the  analysis  of arsenJate  oflead. 

A  portion  of  arseniate  of  barytes,  which  had  not  been  dried, 
Was  digested  in  caustic  ammonia,  washed,  dried,  and  exposed  to 
a  red  heat.  One  hundred  parts  of  this  snbsalt  decomposed  by  . 
Buiphuric  acid  furnished  102-4  of  sulphate  of  barytes.  Uenct 
the  salt  is  composed  of 

Arsenic  acid 33-44    100*00 

Barytes 66-56   199-04 

But  132-88  X  H  =  199-32.  Hence  it  foUows,  that  the  acid  is 
combined  in  this  salt  with  1^  times  as  much  salt  as  in  the 
neutral  arseniate. 

Arsenile  of  Lead.' — Arsenious  acid  was  dissolved  in  caustic 
ammonia,  and  to  separate  all  the  excess  of  ammonia,  the  satu- 
rated solution  was  boiled  for  some  time.  It  allowed  a  great  deal 
of  ammonia  to  fiy  off,  and  a  crystalline  deposit  of  arsenious  acid 
took  place.  The  Uquid  was  left  for  some  days  in  a  temperature 
under  32°  to  get  rid  of  all  the  excess  of  acid,  which  crystallized 
in  octahedrons  containing  neither  ammonia  norwater.  Then  10 
grammes  of  pulverized  and  dry  nitrate  of  lead  were  dissolved  in 
water,  and  the  arsenite  of  leadi  was  poured  into  the  liquid  as  long 
as  any  precipitate  fell.  The  precipitate,  being  weU  washed  and 
dried,  was  introduced  into  a  glass  retort,  and  fused.  It  produced 
a  yellowish  glassy  mass,  weighing  12-29  grammes.  A  small 
quantity  of  arsenious  acid  sublimed  during  the  fusion,  as  always 
happens  when  the  arsenitea  are  exposed  to  heat ;  but  its  weignt 
is  included  in  the  12-29  grammes.  To  determine  whether  tiie 
whole  oxide  of  lead  of  the  nitrate  was  contained  in  the  fused 
mass,  1  examined  the  liquid  from  which  the  arsenite  had  been 
precipitated.  It  became  muddy  on  the  addition  of  sidphurit; 
acid,  as  was  the  case  likewise  with  the  water  employed  to  wash 
the  precipitate.  The  quantity  of  sulphate  of  lead  thus  obtained 
vreighed  0-356  gramme,  equivalent  to  0'26I  of  pure  oxide  of  lead, 
which  of  course  must  be  subtracted  from  the  6'" 731  grammes  of 
oxide  of  lead  contained  in  the  10  grammes  of  nitrate  of  lead.  It 
follows  that  6*47  grammes  of  oxide  of  lead  had  produced  12-29 
grammes  of  arsenite  of  lead.     Of  course  the  salt  is  composed  o" 
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Arsenious  acid 47-356    100-00 

Oxide  of  lead 52-644   11117 


But  these  111-17  of  oxide  of  lead  contain  7-972  of  osy^evi. 
A  solution  of  aubacetate  of  lead  was  ipteciyAa.\»^>i'j  ^t%m»!w 
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ammonia,  prepared  as  abote  described,  and  care  Was  taken  not 
to  precipitate  the  whole  of  the  oxide  of  lead.  The  precipitate, 
well  washed  and  dded,  was  fused  in  a  glass  retort.  The  YitreooB 
matter  thus  obtained  was  reduced  to  a  fine  powder.*  Ten 
grammes  of  this  powder  were  dissolved  in  hi^c  acid,  and  then 
precipitated  by  sulj^hate  of  ammonia.  The  liquid  was  then 
neutralized  hy  caustic  ammonia.  This  occasioned  a  small  addi- 
tional precipitate,  which  was  added  to  the  former.  The  sulphate 
of  lead,  washed  and  dried  at  a  red  heat,  weighed  9*32  grammes, 
eauivalent  to  6*87  grammes  of  oxide  of  lead;  so  that  in  this  salt, 
loo  of  arsenious  acid  were  combined  with  219*5  of  oxide  of  lead; 
but  11M7  X  2  r=  222*34.  Hence  it  follows,  that  neglectinff 
the  inaccuracies  of  observation,  the  acid  is  combined  in  it  with 
twice  as  much  base  as  in  the  neutral  salt. 

From  these  experiments,  it  appears  to  follow  that  the  capacity 
of  saturation  of  arsenic  acid  is  13*886,  and  that  in  the  subarse- 
niates,  the  acid  is  combined  with  1^  times  as  much  base  as  in 
the  neutral  arseniates.  The  capacity  of  saturation  of  arsenious 
acid  is  7*972 ;  and  in  the  subarsenites,  the  acid  is  combined  with 
twice  as  much  base  as  in  the  neutral  ai-senites. 

If  arsenic  acid,  as  we  have  stated  above,  is  composed  of  100 
metal  +  53*14  oxygen,  it  must  contain  34*7  per  cent,  of  that 
substance  ;  but  if  we  suppose  the  (][uantity  of  oxygen  in  the  acid 
to  its  capacity  of  saturation  to  be  in  the  same  ratio  as  we  found 
for  phosphoric  acid ;  that  is  to  say,  that  the  acid  contains  2^ 
times  as  much  oxygen  as  the  base  which  it  neutralizes,  it  fol- 
lows, that  the  quantity  of  oxygen  in  the  arsenic  acid  is  13*8867 
X  2^  =  34*717.  Now  this  agrees  perfectly  well  with  expe- 
riment. 

In  arsenious  acid,  we  have  found  from  24*176  to  24*218  per 
cent,  of  oxygen.  Its  capacity  for  saturation  is  7*972,  which, 
multiplied  by  3  =  23*916.  llie  difference  ought  obviously  to 
be  ascribed  to  inaccuracy  of  observation.  In  the  subarsenite  of 
lead,  the  acid  contains  l-^  times  as  much  oxygen  as  the  base. 
The  same  ratio  holds  in  the  neutral  phosphites. 

If  we  admit  that  the  analysis  of  arseniate  of  barytes  gave  an 
exact  result,  and  if  we  admit  further  that  arsenic  acid  contains 
24-  times  as  much  oxygen  as  the  base  by  which  it  is  neutralized, 
the  result  calculated  for  the  composition  of  arsenious  acid  agrees 
perfectly  with  that  found  by  the  analytical  experiments  already 
described.  It  follows  then,  that  the  acids  ought  to  be  composed 
thus: 

Arsenic  acid.  A^'^'^iousacid. 

Arsenic.  . .  65*283   100*000   75*81    100*000 

Oxygen.  ..  34*717   ....     53*179   24*19   ....     31*907 

*  T/ieCwoarsenUet  of  lead,  bolV^be^oxe  xvn^  ^^\«^t  Cu&ion,  are  so  idio-electric 
tbBt  it  jg  difficult  Co  pound  thcmiii&inonat,  ^\\Vovx«.tgE%%xyiKVQl  v^itj^ofider 
oeing  driven  oat  of  the  mortaf  b^  tb«  eVecU'vcaX  xev^^^^\v« 
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The  analogous  manner  in  which  the  acids  orphoaphoruB  and 
arsenic  deviate  from  the  general  law  of  the  combinations  of 
oxidized  bodies  is  a  very  remarkable  circumstance  ;  and  so  much 
the  more  so,  as  these  acids  have  a  great  deal  of  analogy  in  other 
respects.  Phosphoric  and  arsenic  acids  form  with  the  alkalies 
crystallizable  saJts,  which,  though  proportional  to  the  other 
neutral  arseniates  and  phosphates,  have  an  alkaline  reaction; 
and  if  we  saturate  their  solutions  exactly  by  adding  acid,  and 
then  concentrate  the  liquid  by  evaporation,  the  salt  which  ci^s- 
lallizes  reacts  as  an  alkali ;  while  an  acid  and  less  crystallizable 
salt  remains  in  solution.  Both  arsenic  and  phosphorus  give  with 
hydrogen  combinations  which  have  not  acid  charncters,  and 
which  in  their  chemical  properties  differ  completely  from  the 
combinations  of  hydrogen  with  sulphur,  selenium,  and  tellurium. 
Both  give  degrees  of  acidification,  between  which  the  ratio  of 
the  oxygen  Is  as  3  to  5,  and  in  both,  the  greater  number  of  the 
anomalies  would  disappear,  if  what  we  consider  as  the  simple 
radical  contained  a  portion  of  oxygen,  amounting  to  one-fifth  of 
what  it  absorbs  in  older  to  become  an  acid  in  ic.  But  I  have 
already,  in  speaking  of  phosphorus,  shown,  that  at  present  we 
have  no  probable  reason  for  believing  that  it  contains  oxygen ; 
and  the  probability  is  still  smaller  for  arsenic,  which  possesses 
most  oflbe  characters  of  metals. 

In  the  great  number  of  the  combinations  of  oxidized  bodies 
which  I  have  examined,  the  law  of  the  multiples  of  the  oxygen 
of  the  two  oxides  combined  is  always  followed,  except  in  the 
compounds  formed  by  the  acids  of  arsenic,  phosphorus,  and 
azote,  when  we  consider  this  last  as  a  simple  substance. 
-  In  the  acids  formed  by  these  radicals,  the  ratio  of  the  oxygen 
of  the  acid  in  cms  is  to  that  of  the  acid  iu  ic  as  3  to  6.  In  the 
neutral  arseniates  and  phosphates,  the  acid  contains  2^  times  as 
much  oxygen  as  the  base,  and  this  ratio  exists  likewise  in  some 
subnitrates.  In  all  the  arseniates,  phosphates,  and  nitrates,  the 
oxygen  of  the  base  is  a  certain  submultiple  by  6,  or,  more  rarely, 
by  10,  of  the  oxygen  of  the  acid  (with  the  exception  of  some 
phosphates  of  lime).  This  may  give  rise  to  the  following  ques- 
tions :  Does  the  law  of  multiples  of  oxygen  in  the  two  oxides 
combined  (that  is  to  say,  that  the  oxygen  of  the  one  is  a  multiple 
by  a  whole  number  of  Uie  oxygen  of  the  other)  hold  in  all  cases, 
except  those  in  which  the  radical  has  two  degrees  of  acidifion- 
tion,  the  oxygen  of  which  is  in  the  ratio  of  3  to6?  What  is  the 
reason  that  in  the  compounds  formed  by  these  acids,  it  happens 
so  rarely  that  the  oxygen  of  the  acid  is  a  multiple  by  a  whole 
number  of  the  oxygen  of  the  base '^  Itis  evident  that  a  satisfac- 
tory answer  to  these  questions  would  be  of  tlie  greatest  import- 
ance to  the  theory  of  chemistry.  It  appears  clear  likewise  that 
if  we  prove  hereafter  that  azote  is  an  oxide,  which  is  oTOWy*.* 
and  which  will  be  determined  when  the  ■pWenQxtv^wa.'sK  vtvft'e.ftw.':.- 
tion  oi umiaonia  by  the  electric  pile  ha\e\>e,«;u\)e.W.«^x  s.\».fti«.**-*^^ 
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explained — ^it  appears  clear,  I  say,  that  we  shall  then  hanre  a  key 
to  explain  similar  anomalies,  exhibited  even  by  the  acids  of 
pjiosphorus  and  arsenic ;  though  such  an  explanation  may  have 
little  probability  at  present. 

Experiments  rendering  the  Existence  of  an  Oxide  of  Arsenic 
probable. — Some  authors  pretend  that  metallic  arsenic  exposed 
to  the  influence  of  the  air  falls  into  a  black  non-metallic  powder ; 
and  Bergman  advises  us  to  keep  arsenic  under  water.  I  had  an 
opportunity  of  verifying  this  property  of  arsenic  in  an  experiment 
in  which  100  arsenic  m  a  vessel  covered  with  paper,  after  an 
interval  of  some  months,  had  acquired  almost  eight  parts  in 
weight,  and  afterwards  ceased  entirely  to  acquire  more.  The 
black  powder  thus  produced  was  insoluble  both  in  water  and  in 
acids ;  but  when  dieested  in  muriatic  acid,  it  assumed  the 
metallic  lustre,  and  the  acid  was  found  to  contain  arsenious  acid 
in  solution.  When  strondy  heated,  it  gave  out  in  the  first  place 
arsenious  acid,  and  then  left  a  residue  of  metallic  arsenic.  In 
short,  this  powder  possesses  the  characters  of  the  class  of  oxides, 
to  which  1  have  ventured  to  give  the  name  of  suboxides ;  and 
which,  without  being  able  to  combine  with  other  oxidized 
bodies,  are  decomposed  by  very  slight  forces,  a  portion  of  their 
radical  being  reduced,  while  another  is  carried  to  a  higher  and 
more  stable  degree  of  oxidation. 

As  the  quantity  of  oxygen  found  in  this  suboxide  is  a  fourth  of 
that  of  arsenious  acid ;  without,  however,  being  likewise  a 
simple  submultiple  of  the  oxygen  in  arsenic  acid,  I  vdshed  to 
examine  its  composition  anew ;  but  to  my  great  surprise,  I  was 
unable  to  procure  arsenic,  which  falls  in  powder  in  the  air.  I 
have  small  quantities  of  metallic  arsenic  exactly  weighed,  which 
have  remained  for  three  years  in  glass  vessels  covered  with 
paper,  and  which  have  not  acquired  any  additional  weight.  I 
do  not  know  what  constitutes  the  difference  between  the  metallic 
arsenic,  which  falls  to  powder,  and  that  which  remains  unaltered, 
nor  have  1  any  idea  of  the  different  processes  to  be  followed  in 
order  to  obtain  the  one  or  the  other. 

1  endeavoured  then  to  produce  an  oxide  of  arsenic  in  combi- 
nation with  an  acid.  I  heated  arsenic  in  a  phial  filled  with 
muriatic  acid  gas.  The  arsenic  underwent  no  change ;  but  a 
small  quantity  of  puce-brown  matter  sublimed.  The  muriatic 
acid  gas  was  not  absorbed,  and  no  smell  of  arseuiuretted  hydro- 

fen  gas  was  perceived  when  the  gas  was  passed  into  the  air. 
he  brown  matter  was  not  altered  by  water ;  but  on  adding  a 
little  caustic  potash,  it  detached  itself  immediately  from  the 
o-lass,  recovered  its  metallic  lustre,  and  fell  into  light  scales 
which  swam  in  the  liquid.  This  experiment  seems  to  indicate 
an  action  between  muriatic  acid  gas  and  arsenic,  though  too 
weak  to  draw  any  certain  conclusions  from  it.  I  tlien  mixed 
three  j^arts  of  calomel  w'\t\v  oxi^  ^^tt  oC  metallic  arsenic,  and 
distilled  them  together.    TVi^te  N<i^xe  fetm^^  *\w  VJsv^  ^\%\.  ^^^^ 
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some  drops  of  a  liquid  which  distilled  over,  and  which  waa  the 
ttiOiydrOHs  combination  of  muriatic  and  arsenious  acids.  Then 
a  sublimate  rose  of  a  deep  red  colour,  which  lined  the  inside  of 
the  tube ;  and  lastly,  an  amalgam  of  arsenic  covered  the  inside 
of  the  red  sublimate.  I  separated  them,  and  mixed  the  non- 
metallic  mass  with  a  new  dose  of  metallic  arsenic,  and  sublimed 
it  anew  by  a  very  gentle  heat.  The  sublimate  was  at  first  trans- 
parent, and  of  a  fine  red,  inclining  a  little  to  yellow ;  but  as  it 
became  thicker,  it  acquired  a  darker  shade,  and  lost  its  transpa- 
rency. The  metallic  arsenic  remained  in  the  phial.  The  subli- 
mate was  easily  detached  from  the  ^lass.  Its  colour  was  brown, 
its  fracture  earthy,  wJiJiout  any  marks  of  crystallization,  and  its  , 
powder  yellow.  It  was  insoluble  both  in  water  and  muriatic 
acid.  Copper  nibbed  with  the  powder  moistened  with  muriatic 
acid  was  not  attached.  Mised  with  iron  filings,  and  exposed  to 
heat,  it  gave  out  arsenic,  which  sublimed  in  crystals.  The  fi.\ed 
caustic  dkalies  decomposed  this  mass  almost  instantly  ;  and  so 
did  ammonia  after  a  short  inten^al.  Muriate  and  arsenite  of  the 
alkali  were  found  in  the  liquid,  and  there  remained  an  amalgam 
of  arsenic.  Hence  the  sublimate  was  a  double  salt,  having  for 
its  bases  protoxide  of  mercury  and  oxide  of  arsenic,  which,  as 
happens  with  the  oxides  of  sulphur  and  of  phosphorus,  is  decom- 
posed the  instant  it  is  disengaged,  producing  arsenious  acid,  and 
allowing  a  part  of  its  radicd^to  be  reduced  to  the  metallic  state. 
In  this  case,  the  metallic  arsenic  had  likewise  reduced  the 
mercury,  so  that  its  quantity  was  so  much  the  more  reduced. 

I  have  no  doubt  thai  it  is  possible  to  obtain  the  combination  of 
muriatic  acid  with  oxide  of  arsenic  without  the  presence  of  proto- 
muriate  of  mercury  ■  but  I  have  not  made  the  necessary  experi- 
ments either  to  determine  this  point,  or  to  find  the  quantity  of 
oxygen  with  which  the  arsenic  is  combined  to  constitute  the 
oxide  ;  so  that  I  cannot  say  whether  the  oxide  of  the  double  salt 
of  which  1  have  just  given  the  description,  is  the  same  aa  the 
black  oxide  formed  by  exposing  metallic  arsenic  to  the  air. 

Sulpkurets  of  ^rsewic. —Klaproth  and  Laugier  made  experi- 
ments on  the  native  suiphurets  of  this  metal,  and  each  of  Uiem 
obtained  the  same  results.  M.  Haiiy  having  had  reason  to 
suspect  that  these  two  suiphurets  have  the  same  primitive  crys- 
talline form,  he  concluded  that  their  chemical  composition  must 
also  be  the  same,  though  the  external  characters  were  altered  by 
some  accidental  mi-xture.  M.  Laugier,  while  occupied  with 
these  researches,  found  that  the  two  native  sulpliurets,  when 
heated  in  a  phial,  gave  a  sublimate  of  arsenious  acid,  which  was 
more  abundant  from  the  red  sulphuret  than  the  yellow.  The 
fused  mass  thus  deprived  of  arsenious  acid  had  always  the  same 
composition.  He  found  in  the  red  sulphuret  43'fi7  sulphur  in 
143-67  of  sulphuret,  in  the  yellow  sulphuret  Gl'66  sul^Kw!  Ssv 
161'66  of  sulphuret,  and  in  the  fused  smpWrat,  ^towi  viVvda.  ■iS^a 
anenious  acid  had  been  driven,  from  1  Vi  \a  lV?a  wii^ossx  i 
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171*3  of  sulphuret ;  that  i^  to  say,  in  100  parts  of  metallic  arse- 
nic. Hence  he  concludes,  agreeably  to  the  conjecture  of  Haiiy, 
that  these  native  sulphurets  were  probably  combinations  of  the 
sulphuret  obtained  by  fusion  with  different  quantities  of  arsenious 
.  acid.  The  want  of  correspondence  between  the  composition  of 
the  sulphuret  of  arsenic  obtained  b]r  fusion  in  the  experiments  of 
Laugier,  and  that  of  the  acids  of  this  metal,  induced  me  to  exa- 
mine these  native  sulphurets  with  this  object  in  view,  and  to 
avoid  all  error  from  combustion,  I  exposed  them  to  heat  in^  vessels 
previously  freed  from  air.  The  sulphuret  melted  and  formed  a 
brown  transparent  liquid,  which  required  a  very  strong  heat  to 
be  distilled  over.  I  left  it  a  long  time  at  a  temperature  little 
lower  than  that  at  which  it  boils,  without  any  trace  of  arsenious 
acid  subliming.  Afterwards,  on  increasing  the  heat,  ihe  sulphu- 
ret boiled,  and  distilled  over  in  yellow  drops.  In  these  experi- 
ments, no  trace  of  arsenious  acid  could  be  perceived ;  but  on 
making  the  same  experiment  in  an  open  phial,  the  sulphuret 
underwent  a  kind  of  roasting,  in  consecjuence  of  which  sulphur- 
ous acid  gas  and  arsenious  acid  were  disengaged,  the  former  of 
which  made  its  escape,  while  the  latter  crystallized  in  the  upper 
part  of  the  phial. 

Let  us  now  examine  the  composition  of  the  native  sulphurets 
of  arsenic.  In  the  first  place,  they  contain  only  sulphur  and 
arsenic.  Laugier  found  that  the  yellow  sulphuret  contains  38'  14 
per  cent,  of  sulphur.  In  the  yellow  brilliant  substance  obtained 
by  precipitating  a  solution  of  arsenious  acid  by  sulphuretted 
hydrogen  gas,  there  are,  according  to  experiments  already 
s^ted,  39  per  cent,  of  sulphur ;  that  is  to  say,  that  100  parts  of 
arsenic  are  combined  in  it  with  64*33  *  of  sulphur.  We  know 
that  orpiment  is  more  or  less  sensibly  mixed  with  realgar,  which 
probably  is  never  wanting.  This  circiunstance  ought  to  diminish 
the  quantity  of  sulphur  found  in  it  by  analysis.  Hence  the 
reason  why  analysis  gave  38*14  instead  of  39  per  cent,  of  this 
last  substance.  Laugier  and  Klaproth  found  in  realgar  100 
arsenic  united  to  43*67  sulphur ;  but  this  quantity  is  very  nearly 
two-thirds  of  64*33.  The  precise  quantity  should  have  been 
42*9  ;  but  it  is  to  be  presumed  that  realgar  contains  a  mixture  of 
orpiment,  thereby  containing  a  slight  excess  of  sulphur ;  just  as 
we  have  seen  the  reverse  to  be  the  case  with  orpiment.  1  think 
then  that  we  may  admit  it  as  established  that  orpiment  and 
realgar  are  two  different  sulphurets  of  arsenic  in  which  the  quan- 
tity of  sulphur  is  as  1  :  1-^,  or  as  2  :  3.  The  yellow  sulphuret  is 
proportional  to  the  arsenious  acid,  and  the  red  sulphuret  to  a 
degree  of  oxidation,  which  contains  two-thirds  as  much  oxygen 
as  arsenious  acid,  and  which  may  be  the  oxide  which  we  have 
seen  combined  with  arsenious  acid. 
The  artificial  sulphuret  produced  in  the  experiments  of  Laugier 
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by  the  fusion  of  the  natwrsil  sulphurets  neither  agrees  with  the 
composition  of  the  sulphurets  examined,  nor  with  the  acids  of 
arsenic.  From  the  theory  of  chemical  proportions,  it  is  obvious 
that  it  cannot  be  a  simple  sulphuret.  It  is  probably  the  result 
of  the  combination  of  a  higher  degree  of  sulphuration  with 
realgar.  We  know  that  arsenic  acid  is  decomposed  by  sulphu- 
retted hydrogen  gas.  The  resulting  sulphuret  must  be  composed 
of  100  arsenic  combined  with  106'91  of  sulphur.  If  we  calculate 
the  composition  of  a  combination  of  this  sulphuret  with  realgar 
in  which  the  arsenic  in  each  sulphuret  is  in  equal  quantity,  100 
of  arsenic  in  it  will  be  combined  with  74-6  of  sulphur.  If,  on  the 
contrary,  we  admit  a  composition  such  that  the  sulphur  of  the 
persulphuret  is  double  that  of  the  realgar,  100  of  arsenic  in  it 
will  be  combined  with  71-26  of  sulphur,  which  agrees  perfectly 
with  the  analysis  of  Laugier, 

On  examining  the  ma.Yimum  of  sulphuration  of  which  arsenic 
is  capable,  I  have  found  that  this  metal  and  sulphur  may  be 
mixed  in  almost  all  proportions.  The  sulphur  for  some  time 
swims  upon  the  surface  of  the  fused  sulphuret ;  but  by  degrees 
it  mixes  with  it  into  a  homogeneoi^  yellow  mass.  I  have  in  this 
way  united  arsenic  with  more  than  seven  times  its  weight  of 
sulphur.  The  sulphuret,  when  cool,  was  elastic,  like  caoutchouc, 
just  as  happens  sometimes  with  sulphur  itself,  and  some  weeks 
elapsed  before  it  became  quite  solid  and  hard.  The  quantity  of 
sulphur  was  determined  by  dissolving  it  in  nitroraunatic  acid, 
and  precipitating  the  sulphuric  acid  by  muriate  of  baryt«8. 
When  we  distill  Uiis  sulphuret,  it  gives  at  farst  sulphur,  containing 
little  arsenic  ;  but  as  the  process  advances,  the  arsenic  increases 
in  quantity  in  the  product  distilled,  which  becomes  at  the  same 
time  more  coloured ;  so  that  the  last  drops  sublimed  into  the 
top  of  the  retort  have  a  fine  ruby  red.  Hence  it  appears  that 
heat  does  not  furnish  a  method  of  obtaining  the  sulphurets  of  _ 
arsenic  in  the  state  of  definite  combinations.  ^ 

(7a  be  CBBliaatd.)  fl 

^^V  Article  X.  ^M 

^^^ri  Memoir  relative  to  the  Lead  Mines  of  Sardinia.  V 

^B-  (With  a  Plate.     See  CIV.)  ■ 

*  The  mines  in  Sardinia  have,  there  is  no  doubt,  been  wrought   ■ 

extensively  at  a  very  remote  period.  History  relates,  that  both 
the  Romans  and  Carthagenians  carried  on  mining  operations 
when  they  possessed  the  island.  Zurita,  in  his  history  of  the 
!4th  century,  as  also  the  Genoese  historians,  Frederici  and 
Giustiniano,  state,  that  the  silver  which  w^is  o\i\i(i'M&. 'fefeV-oasa. 
fleets  ^tured  in  12B3  by  the  Genoese,  wi\^  \N\iw5cs.  ■&«.\^^^-^ 
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employed  in  defraying  the  expenses  incurred  in  Imilding  the 
arsenal  at  Genoa,  was  the  produce  of  the  island  of  Sardinia. 

-  The  great  extent,  and  the  irregular  shape,  of  the  excavations 
formed  for  the  purposes  of  mining  in  Sardinia  excite  surprise ; 
and  the  appearances  of  what  seems  to  have  been  an  unprontoble 
waste  of  money  and  labour  give  rise  to  doubts  as  to  what  has 
been  the  actual  cause  of  these  works  of  the  early  miners.  To 
suppose  that  the  enormous  excavations  which  remain  have  at 
nny  time  been  filled  with  solid  masses  of  ore  is  impossible  ;  and 
it  is  equally  difficult  to  betieve  that  vast  chambers,  some  of 
them  formed  in  the  shape  of  domes,  and  others  as  extensive 
square  and  circular  apartments,  should  have  been  constructed 
without  a  view  to  gain.  That  these  chasms  are  natural  is  an 
idea  which  cannot  for  a  moment  be  entertained;  and  perhaps 
the  most  satisfactory  way  in  which  to  account  for  their  existence 
is  to  concur  in  a  tradition  prevalent  in  the  island,  that  constructed 
at  first  for  the  purposes  of  the  miner,  these  caverns  served  in 
after  times  as  a  residence  for  the  natives,  when  domestic  feuds 
of  a  political  nature,  or  when  hostile  invasion,  desolated  the 
country.  For  these  purposes  it  is  conjectured  that  the  mines 
have  been  gradually  enlarged  and  altered  till  they  assumed  their 
present  form ;  and  that,  like  the  Gothic  inhabitants  of  Spain, 
who  are  known  to  have  sought  a  similar  species  of  shelter  to 
escape  the  tyranny  of  their  Moorish  conquerors,  the  Sardinians 
were  wont  to  seclude  themselves  in  these  subterraneous  dwell- 
ings to  preserve  the  freedom,  the  inheritance  of  their  northern 
ancestors. 

The  entrances  to  these  caverns  are  constructed  upon  several 
different  plans ;  in  some  it  is  merely  a  horizontal  creek  in  the 
rock ;  in  others,  it  is  wide  enough  to  admit  two  coaches  abreast ; 
and  in  some  it  is  a  door  of  about  seven  feet  six  inches  in  height, 
and  four  feet  three  inches  in  breadth. 

In  most  of  these  excavations,  the  ore  appears  to  have  been 
thoroughly  wrought  out,  as  hardly  the  least  spark  of  it  can  be 
detected  at  present;  and  if  the  great  number  of  mines  in  different 
districts  of  the  island  be  considered,  the  wealth  which  the  ancient 

Eossessors  of  the  mines  must  have  derived  from  them  must  have 
een  immense. 

The  high  grounds  of  Sardinia  are  composed  of  granite;*  under 
this  is  a  stratum  of  hmestone,  of  the  great  thickness  of  80  or  90 
fathoms,  of  a  compact  and  brittle  texture,  and  of  a  whitish 
colour ;  and  under  this  is  generally  a  stratum  of  a  brownish 
coloured  schistus,  frequently  intermixed  with  some  of  a  blue 
colour.     In  this  hmestone  are  situated  the  lead  veins  in  a  matrix 

*  The  granite  on  the  summit  of  the  mountains  here  shofvs  considerable  appear- 
ances of  stratification,  which  gives  rise  to  a  conjecture,  that  it  rests  in  a  stratum 
above  the  i/foestooe,  and  does  not  penetrate  through  the  strata  of  limestone  aod 
fc/i/stu8,  and  thus  form  the  base  on  ^h\cVi  \Yie\a%\.t(ve,YiX\ow«^%Vt«.\ak\«&ljf|^ordiog 
to  the  received  opinion  of  geologists  rcsvectiti^lYieiWLVwit  ttl^wC\\ft\i3LwSR«a* 
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of  barytes,  calcareous  apar,  or  quartz ;  and  in  the  district  called 
Cape  of  Cagliari,  we  can  travel  but  a  yery  short  distance  with- 
out croaaiiig  in  our  path  many  of  these  veins,  the  most  of  which 
bear  a  good  rib  of  ore  to  this  day.  Their  positions  evidently 
indicate  that  they  must  form  numerous  intersections,  and  would 
afford  profit  if  wrought  with  any  tolerable  degree  of  skill. 

The  mines  at  Iglesias  are  at  present  wrought  by  the  Sardinian 
government:  in  the  coiurse  of  8t)  fathoms,  11  different  veins 
have  been  discovered,  and  the  whole  of  these  have  afforded  a 
large  quantity  of  excellent  ore  in  the  course  of  the  few  partial 
biale  which  have  been  made. 

The  ravines  which  intersect  Sardinia  in  all  directions  preclude 
the  necessity  which  so  often  exists  in  England  of  spending  years 
in  dead  ground,  where  the  only  profit  to  be  expected  is  that  of 
rendering  the  adjoining  veins  accessible,  and  where  so  great  an 
outlay  of  money  generally  takes  place.  Wood  can  also  in  Sar- 
dinia generally  be  procured  close  to  the  mines  free  of  expense  5 
and  these  advantages  are  only  in  some  degree  counterbaJanced 
by  the  unfavourable  climate,  the  scarcity  of  water  for  washing 
tlie  ore,  and  the  barbarous  state  of  the  inhabitants  of  the 
country. 

In  driving  the  main  level  of  the  lead  mine  at  Iglesias,  so  soon 
as  a  vein  had  been  found,  the  plan  had  been  to  proceed  imme- 
diately to  excavate;  and  so  long  as  some  particular  danger  or 
inconvenience  had  not  impeded  the  labour  it  nad  been  continued. 
As  the  sides  of  the  vein,  however,  were,  in  general,  left 
untouched,  this  could  not  long  continue ;  and  when  once  aban- 
doned, a  new  vein  had  been  begun  upon,  and  treated  in  the 
same  manner.  The  irregularity  of  these  workings  is  of  course 
such  as  to  preclude  the  possibihty  of  making  an  instrumental 
survey  of  them,  A  written  description,  and  a  sketch  of  the 
mine  Doraenico  Rosea  near  Iglesias  is,  however,  annexed, 
which  it  is  hoped  will  convey  a  tolerable  idea  of  the  workings. 

When  the  position  of  the  veins  in  this  mine,  and  their  prox!-- 
mity  to  each  other,  are  considered,  doubts  cannot  be  entertained 
as  to  their  forming  many  intersections,  and  thus  aflbrding  the 
moat  favourable  prospect  to  the  miner.  There  is  also  a  stream 
of  water  near  the  mine,  and  a  convenient  situation  for  a  smelting 
house. 

The  mine  of  Monte  D'Oro,  near  Iglesias,  is  also  one  of  the 
most  extensive  and  ancient  in  the  island.  Here  is,  perhaps,  tlie 
best  example  of  the  mines  having  been  used  as  a  permanent 
residence:  the  entrance  has  been  faced  or  built  with  finely  cut 
stone,  and  within  the  mine,  shafts  or  sinkino:s  lead  from  one  set 
of  siibterraueous  galleries  to  those  below.  The  workings  are  so 
intricate  and  extensive  that  the  guides  are  obliged  to  place  small 
sticks  in  the  path  by  which  they  conduct  the  strangerfi  to  ittvA\-i 
them  to  return  in  security.  May  not  t\ie.s.e  \vaNft  *.e.vi«.'^^«t**^- 
dwellings  of  the  exUcd  Romaas  viYiea  fifaxSivma '«'^* '■»■  "^*'=-'*^  *' 
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banishment  for  the  Roman  criminak?    At  the  entrance  of  the 
mine  are  the  ruins  of  a  number  of  stone  buildings. 

The  small  city  of  Iglesias  is  finely  situated  at  the  base  of  a 
ranee  of  mountains,  whose  sides  liear  the  town  are  planted  with 
gardens,  and  richly  cultivated  and  ornamented  with  orange 
gr9unds.  The  houses  of  the  town  are  but  indifferent;  but  me 
streets  are  cleaner  and  better  paved  than  those  of  Cagliari. 
When  the  Pisans  wrought  these  mines,  this  was  their  station  : 
the  air  is  wholesome,  and  the  town  is  well  supplied  with  water 
from  wells  of  six  or  seven  fathoms  deep :  it  may  certainly  be 
described  as  one  of  the  most  desirable  places  of  residence  in 
Sardinia.    It  contains  about  1,500  inhabitants. 

The  hills  in  which  the  mine  jDomenico  Rosea  is  situated  is  not 
extensive,  being  only  one  English  mile  and  a  half  in  length,  and 
three  quarters  of  a  mile  in  breadth.  The  mountains  in  the  neigh- 
bourhood bear  so  close  a  resemblance  to  it  in  structure  and 
shape  as  to  warrant  the  conjecture  of  their  being  equaUy  produc- 
tive in  lead  veins. 

At  Monte  Bergani,  about  three  miles  to  the  east  of  Iglesias, 
and  situated  on  the  western  decUvity  of  the  mountains,  a  trial 
has  been  made  by  means  of  an  open  cast,  about  four  yards  in 
length  and  one  in  breadth,  and  a  oeautiM  vein  of  this  breadth 
has  been  exposed.  It  has  a  rib  of  ore  up  its  centre  of  about 
four  inches  wide,  and  the  matrix  is  flesh-coloured  barytes.  This 
vein  is  studded  with  ore,  and  the  rib  increases  m  breadth 
downwards.  The  ore  which  was  produced  in  the  upper  part  of 
the  vein  was  close-grained,  and  apparently  rich  in  silver,  but 
deeper ;  it  resembled  the  potter  ore  of  England. 

Tne  roads  in  the  vicinity  of  this  rich  vem  are  good,  and  there 
is  a  tolerable  supply  of  wood  and  water  in  the  neighbourhood. 

A  view  of  the  strata  in  the  neighbourhood  of  the  road  which 
leads  from  Iglesias  to  Flumini  Majore  is  to  be  had  during  almost 
the  whole  distance  ;  a  brown  or  bluish  argillaceous  schistus  may 
be  seen  below,  and  the  thick  stratum  of  whitish  limestone, 
before-mentioned,  resting  upon  it. 

At  Rumini  Majore  the  natives  talk  of  the  existence  of  an  ore 
of  silver,  but  the  specimens  of  this  metal  occurring  in  the  state 
of  any  of  its  ores  in  the  island  are  now  so  scarce  as  to  throw 
some  discredit  on  the  statement  of  Captain  Belly  and  Count 
Vargus,  both  of  whom  represent  even  native  silver  as  of  common 
occurrence  in  the  island. 

Close  to  the  village  of  Flumini  Majore  is  the  Vein  Pietro  di 
Fuoco.  In  it  there  is  a  rib  of  free  potter  ore  1^  inch  thick. 
This  strong  vein  of  flesh-coloured  barytes  stands  in  some  places 
seven  feet  above  the  adjacent  surface ;  the  weather  having  acted 
upon  the  adjacent  limestone  rock  must  have  washed  it  away, 
while  the  more  insoluble  barytes  remained  unaffected.  The  open 
cast  by  which  the  vein  has  been  tried  is  about  10  yards  in  length, 
two  feet  in  breadth^  juid  seven  fe^l  d^^^.   \V,>a<i»x^i ^1°  S Ay, 
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At  La  Mizadili  AnoMamdaia  a  vein  of  iron  ore,  of  a  fathom 
thickness  ;  some  lead  ore  is  mixed  with  it,  and  it  bears  63°  S.E, 

A  vein  of  calcareous  spar  containing  copper  ore  about  three 
feet  wide,  and  bearing  nearly  nortli  and  south,  occurs  at  Mar- 
casita.  The  sides  of  this  vein  are  coated  with  a  yellow  mineral 
earth. 

The  veins  of  St.  Lucia  and  Johnny  Longa  in  this  neighbour- 
hood are  also  very  promising.     The  latter  bears  83°  N.E. 

The  village  of  Flumini  Majore,  near  which  the  whole  of  the 
last  mentioned  veins  are  situated,  is  well  supplied  with  wood 
and  water  ;  the  roads  for  some  distance  around  it  are,  however, 
bad ;  and,  during  the  summer,  the  air  is  unwholesome,  as  the 
mountain  streams  in  its  vicinity  are  at  that  season  nearly  dried 
up,  and  form  stagnant  and  noxious  air  in  the  plain  surrounding 
the  village.  This  small  village,  the  houses  of  which  are  built  of 
clay,  is  situated  in  a  plain  of  about  three  miles  in  length,  and  one 
in  breadth.  High  and  rugged  mountains  surround  it  on  all 
sides  ;  the  inhabitants  are  eimer  goat-herds,  or  earn  their  sub- 
sistence by  cultivating  the  little  valley  in  which  they  dwell. 
They  are  aoout  1000  in  number,  and  although  poor,  they  seem 
tolerably  contented  and  happy. 

Between  Flumini  Majore  and  Monte  Vecchio,  and  distant 
about  four  miles  from  the  latter  place,  after  ascending  a  steep 
acchvity  situated  across  the  head  of  a  valley,  a  vein  of  flesh- 
coloured  barytes  is  crossed  by  the  road,  and  near  it  are  seea 
other  veins  which  seem  to  have  at  some  period  been  tried. 

At  Monte  Vecchio,  there  is  a  vein  of  flesh-coloured  barytex, 
which  promises  well,  and  which  is  at  present  wrought  by  a 
Signore  Malacria,  and  a  Neapolitan  merchant,  who  pay  a  duty 
of  one-twelftli  per  cent,  to  ttie  government  for  their  privilege. 
The  mining  here  is  conducted  in  the  same  unskilful  way  as  at 
Iglesias,  the  vein  is  simply  followed  till  water  flows  in  upon 
them,  and  here  their  labour  nas  been  abandoned  for  this  reasoni 
with  a  rib  of  ore  a  yard  wide  extending  before  them. 

This  is  one  of  the  .Tiost  ancient  mines,  and  is  supposed  to  have 
been  a  veiy  profitable  one.  The  present  company  at  first  drove 
a  flank  level  to  the  vein,  but  as  it  ran  downwards,  they  changed 
their  plan,  and  adopted  that  of  working  by  sinkings,  which  the 
flowing  of  the  water  also  compelled  them  to  reliiiqiiish.  By 
beginning  their  level  at  the  bottom  of  the  hill  all  this  inconve- 
nience might  have  been  avoided.  The  point  of  the  vein  is  due 
east  and  west ;  it  declines  about  two  feet  in  six,  and  the  stratum 
is  limestone  similar  to  that  of  Iglesias. 

At  Monte  Cama  there  is  a  promising  vein  of  white  barytes  in 
a  stratum  of  Umestone. 

At  Maishtalesch  near  Pnla,   about  10  miles  south-west  ot- 
Cagliari,  there  is  a  vein  in  a  ravine  through  which  flows  a  small., 
brook,  in  which  a  rib  of  solid  ore  aboiil  feve.  \i\dcw&  "^xife  "wv-f^^ 
seen.    ItiMia  tlie L'meBtooe Rtiatum,  an4 ^le^wa 'i'l?  "^^Ca. 
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At  Sa  Gruttu  Exeda  there  are  some  indications  of  copper, 
and  at  Monte  Santa,  about  eight  miles  south-west  of  Caghari, 
there  is  a  promising  lead  vein. 

Survey  of  the  Mine  Domenico  Rosea,  situated  about  two  Miles 

to  the  JV.TF.  of  Iglesias. 

Remarks  left  Bear,  and  diit.  73,  N.W.  Remarks  right* 

Anopening 32 

37  An  opening. 

An  opening  for  abed 40 

Ancient  cross  cut  built  up  •  •       68 

70  Cross  cut. 

Cross  cut 100 

Cross  cut  in  St.  Barber,  vein    1 14  Ditto 

127  Ditto 

Cross  cut 146  Ditto 

Cross  cut  St.  Catharine  •  •  • .     193 

217  Ditto  St.  Catharine  Yein 
crosses  here,  and  causes 
a  rib  often. 

260  Loose  stones. 

305  St.  Francesco,  vein  of  soft 
mineral  earth. 

314  CrL^s  cut. 

336  Ditto. 

Cross  cut 350  Ditto. 

LaFortuna 400 

431  St.  John  vein. 

St.  John  Vein 448 

469  A  vein  crosses  here. 

St.  Ephesia  vein 486  Cross  cut. 

Two  cross  cuts  > 500  Cross  cut  and  rise. 

600  St.  Joseph  vein. 

St.  Antioch  vein 633  Cross  cut. 

St.  Morris  vein 652 

Ditto,  ditto 692 

760  St.  Satumim  vein. 

800  No  further  accessible. 
The  level  is  supposed  to  extend  about  80  links  further. 

No.  3,  Cross  cut. 

25  S.W.  39  Links. 

.      67  S.W.  88  Ditto. 

Points  of  the  west  cross  cut.  No.  21. 

52^  S.W.  62  hnks.     Has    communication  here    with   the    old 

workings, 
75^N.W.  10  links.     Opens  into  Xixe  o\3l  yjQi\VMv^%  ^tx^^tv^I. 
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31°  S.W.  62  links.     At  the  end  of  the  first  20  links  of  this  I 

length,  it  opens  into  another  cross  cu^  1 

bearing  72  S.W.  46  links. 

4°S.E.   66  links.     Forehead. 


Article  XI. 
Analyses  of  Books. 


Reporti  o»  the  Epidemic  Cholera  which  has  raged  throuskoHt 
Hindostan  and  the  Peninsula  of  India  since  August,  1817. 
(Published  under  the  Authority  of  Government.)  Bombay, 
1819. 

This  publication  presents  us  with  a  very  interesting  account 
of  the  disease  which  has  excited  so  much  alarm,  and  committed 
such  ravages  in  India  for  some  time  past :  five  places  had  escaped 
the  malignant  visitation  ;  and  as  it  still  continued  its  course  una- 
bated in  different  directions,  as  neither  the  rapidity  of  it9 
progress,  nor  the  violence  of  its  symptoms,  seemed  to  be  at  all 
modified  by  the  state  of  the  atmospnere  in  respect  to  heat  or 
cold,  moisture  or  dryness,  it  is  impossible  to  conjecture  how  far 
it  may  yet  extend  its  influence.  It  is  known  to  have  appeared 
on  board  several  ships,  after  their  departure  from  India,  on  their 
return  voyage  ;  and  it  is,  therefore,  not  improbable,  that  it  may 
find  its  way  to  Europe  at  no  distant  period.  A  similar  disease 
is  described  by  Sydenham,  as  having  prevailed  in  England  in 
1669,  and  1674,  1675,  1676,  though  it  was  neither  so  extensively 
propagated,  nor  of  itself  so  fatal  in  its  effects.  Although,  how- 
ever the  Indian  epidemic  was  almost  uniformly  fatal,  when  left 
tonature,  it  is  consoling  to  observe,  from  these  reports,  that  the 
mortahty  was  very  trifling,  when  medical  aid  was  had  recoursa 
to  at  the  commencement  of  the  attack. 

The  following  extract  gives  a  curious  history  of  its  progress  : 

The  cholera  first  appcarrd  in  Augiiil  nf  lost  jcar  (ISIT)  iu  Zila  itsiote, 
lituated  about  100  miles  Bnrlh-ra;!  of  CalcuKa.  There  had  been  no  previiiuj 
inatkcd  peculiariij  in  the  nealiier.  The  iirecediiig  colli  and  Iiot  maoths  were  no 
ivjie  different  from  thaie  of  fnnner  jeB.n;  and  the  rainy  season  was  proceeding 
■Eilh  ils  wonled  regnlarilj.  To  the  nulhoriiies  on  the  )>pol  tbere,  the  disorder 
leemed  at  first  lo  be  of  a  pure!}'  Incal  deacripliDn;  and  allrlbDlable  to  the  intem- 
perate use  of  rank  Gih,  and  bad  rice.  Thej  were  biioo  undei^eWcd  j  after  nearly 
depopulating  the  town  of  Jeetore,  ilrapidlj  spread  Ihrongh  Ihe  adjoining  tl1laget| 
nod  ran  from  district  lu  ilUtrict  until  il  broiighi  the  whole  province  nf  Brnga4 
under  iti  influence.  It  next  extended  to  Behar;  and  hailing  visited  the  principal 
ci<iei  weil  and  eait  »f  (hp  (iati^,  reached  tbe  upgier  provinces-  There  it-^  progrera 
ttaa  Bore  irregnlnr.  Renarei,  Allahabad,  (inniflipDre,  LuclinDW,  CannpDrr, 
and  ibe  more  popnloun  towns  in  their  vlcinitj,  were  aflVctcd  neiiHy  in  the  regular 
roumenflime;  but  It  ivns  nihcrivite  In  more  ihlnly  peopled  portion]  of  the  canu.  . 
irj.  The  diseaie  nould  somelime>  lake  a  ramplete  circle  twani  a.i\\\ia.^t^  »sA 
leniing  it  onlnnchcd,  pass  on,  as  if  it  were  aboul  w\»o\\^  lo  ii-.^inx. ^wtt ft«  «« 
tficl.  Tbrn,  afiera  lapse  of  week^.nr  e^en  iaont\i',ivv(ii'a\6*a4A«'^M  ^*'''**'^''*? 
^trcelf  reappearing  in  Hie  port*  which  lind  aUeadv  unftei^tine \*.t  TO.'i»sje;i 
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neftrly  depopulate  the  ipof,  tliat  bad  so  lately  coni^Qlated  itielf  on  itr  Cfcape. 
Sometimes.after  ruoniog  a  long  course  on  one  side  of  the  Ganges,  it  would,  as  if 
arrested  by  some  uokoown  agent,  at  once  stop ;  and  taking  a  rapid  sweep  across 
the  river,  lay  all  waste  on  the  opposite  bank.  It  rarely,  however,  failed  to  return 
to  the  tract,  which  it  had  previously  left.  After  leaving  a  district  or  town,  it 
sometimes  revisited  it,  but  in  such  cases  the  second  attacks  were  milder ;  and  more' 
readily  subdued  by  oiedicine  than  those  in  the  primary  visitation. 

The  disorder  showed  itself  in  Calcutta  in  the  first  week  of  September.  Fevr 
were  seized  in  the  beginning  $  but  of  those  few  scarcely  one  survived.  Each  suc- 
cessive week  added  strength  to  the  malady;  and  more  extended  influence  to  its 
operation.  From  January  to  the  end  of  May  it  may  be  said  to  have  been  at  its 
full  height;  and  during  the  whole  of  that  period,  the  deaths  in  the  city  seldom  by 
the  police  returns  fell  short  of  200  a  week. 

It  in  turn  attacked  every  division,  and  almost  every  corps  in  the  army.  Of  its 
fatal  effects  amongst  the  troops,  a  melancholy  and  signal  instance  is  afforded  in  the 
history  of  its  appearance  in  the  centre  division  of  the  field  army,  under  the  personal 
conmiand  of  the  Most  Noble  the  Commander  in  Chief.  There  it  commenced  its 
attack  on  the  18th  or  19th  of  November;  was  at  its  utmo«t  violence  for  four  or 
five  da>s;  and  finally  withdrew  in  the  first  days  of  December.  The  division  con- 
sisted of  less  than  10,000  fighting  men:  and  the  deaths  within  18  days  amounted 
at  the  very  lowest  estimate  to  3,000;  according  to  others,  to  5,000,  and  even 
8,000.  *    The  average  loss  of  rank  and  file  was  between  80  and  UO  men  a  battalion. 

The  epidemic  was  long  in  crossing  the  Bundlekund  and  Rewa  Hills.  It  began 
to  show  itself  at  Jubbulpore  on  the  10th  of  April ;  prevailed  generally  amidst  the 
corps  posted  there  at  Mnndelah,  Saugor,  and  other  subordinate  stations,  to  the 
Slst;  and  nearly  disappeared  before  the  end  of  the  month.  Here  its  influence 
was  singularly  irregular.  In  the  same  camp,  and  under  circumstances  precbely 
similar ;  some  corps  were  entirely  exempt ;  others  had  a  few  mild  cases  only ;  and 
others  again  suffered  very  severely.  The  same  irregularity  held  in  different  descrip- 
tions and  classes  of  troops.  The  disease  did  not  reach  Colonel  Adams*8  camp  till 
the  89th  of  May.  It  raged  very  violently  during  four  or  five  days,  and  continued 
Its  operations  in  a  desultory  manner  till  the  middle  of  the  succeeding  month.  In 
Bengal  and  the  middle  provinces,  it  may  now,  periiaps,  be  considered  as  nearly  at 
an  end.  Cases  no  doubt  still  now  and  then  occur  in  Calcutta  and  its  vicinity;  but 
these  are  rare,  and  should  rather  be  reckoned  sporadic,  than  as  proofs  of  the  sub- 
sistence of  the  epidemic.  The  returns  from  the  different  divisions  of  the  army  now 
leave  the  head  of  cholera  morbus,  in  most  cases,  blank;  and  the  reports  of  the 
civil  surgeons  are  equally  decisive  of  its  general  disappearance.  At  Delhi,  Futti- 
gur,  and  others  of  the  more  northern  stations,  whither  the  disease  was  long  in 
spreading,  it  is  still,  the  Board  believe,  in  full  force,  and  producing  the  most  alarm- 
ing mortality. 

The  epidemic  continued  its.  course  in  the  same  irregidar  man- 
ner, and  reached  Bombay  in  August,  1818.  It  is  evident  from 
these  reports,  that  the  disease  presented  itself  in  an  infinite 
variety  of  forms ;  still  ,the  characteristic  symptoms  were  the  same 
in  all,  however  much  their  order  might  be  changed.  Among  the 
natives,  the  rapid  approach  of  debility  was  principally  to  be 
dreaded,  as  the  powers  of  nature  seemed  at  once  to  be  destroyed 
by  the  visceral  congestion.  Of  this  form  of  the  disease,  the 
extract  which  follows  gives  an  excellent  description. 

The  attack  was  generally  ushered  in  by  sense  of  weakness,  trembling, 
giddiness,  nausea,  violent  retching,  vomiting  and  purging  of  a  watery,  starchy, 
whey -coloured,  or  greenish  fluid.  These  symptoms  were  accompanied,  or 
quickly  followed,  by  severe  cramps;  generally  beginning  in  the  fingers  and 
toes,  and  thence  extending  to  the  urists  and  fore  arms,  calves  of  the  legs,  thighs, 
abdomen,  and  lower  part  of  the  thorax.  The^e  were  soon  succeeded  by  pain, 
constriction,  and  oppression  of  stomach  and  pericardium;  great  sense  of  internal 
heat;  inordinate  thirst;  and  incessant  calls  for  cold  water,  which  was  no  sooner 
gwallowed  than  rejected,  together  with  a  quantity  of  phlegm,  or  whitish  fluid,  like 


*  The  latter  calc4ilationb  must  \i\c\uAc  \Vic  Ac».\\vi^«iWEL%^t\A\vi'«^\%^^\fcie 
camp. 
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■eelhingj  of  oalmeal.  The  aclion  of  the  hrart  and  arlerice  ddh  Dearly  ceased  ;  the 
palne  either  bei'anc  altngelher  imperceptible  nl  the  wriet«  and  leoiplc!;  or  M 
neak  as  to  give  to  the  finger  only  an  indiatinci  feeiing  of  fiullering.  Tlie  reipira- 
linn  was  laborious  and  hurried  i  Eomelimrs  with  loagand  frequently  brDlten  inspi'' 
rations.  The  sicia  grew  cold,  ciainmy,  covered  nith  large  drop;  of  iweat,  dank 
and  disagreeable  to  the  feel,  and  discoloured  of  a  bluish,  purple,  or  livid  fane. 
There  was  great  and  mddea  prostration  of  slrenglh,  anguish,  nn'l  agitation.  The 
coimteaance  became  collapsed,  the  eyes  suffused,  fixed,  and  glaaay,  or  heavy  bhiI 
dull,  sunk  in  Iheir  sockets,  aud  surrnanded  by  dark  circles,  the  cheeks  and  lipi 
livid  and  bloodless,  and  the  whole  surface  of  the  body  nearly  devoid  of  feeling.  In 
feeble  habits,  nhere  the  attack  was  exceedingly  violent,  and  anresiited  by  medi- 
cine, the  scene  nas  Eoon  closed.  The  circiilatiun  and  animal  heal  never  relnmed  j 
the  vomiting  aud  purging  contionrd,  nilh  thirst  and  restleenness ;  the  patient 
became  delirions  or  inBentible,  with  his  eyes  fixed  in  a  vacant  stare,  and  sunk  down 
in  the  bed;  the  spasms  increased  generally  nithiu  four  or  five  hours. 

The  diseate  somelimei  at  once,  and  as  if  it  were  momentarily,  seized  pertoniiir 
perfect  health  ;  nl  other  times  ihnse  who  had  been  deblHtaled  by  previous  bodllj 
ailment  {  and  Individaals  in  the  latter  prediraraeni  generally  sank  under  the  attack . 
Sometimes  [he  ^itnmach  and  bowels  trere  disordered  for  some  days  before  the  attack, 
which  would  then  in  a  mouent  come  on  in  full  force,  and  speedily  reduce  tb> 

Such  was  the  general  appearance  of  the  d  Iseaae  nhere  it  cut  off  the  patient  in  !<• 
earlier  stages.  The  primary  bymptoms,  however,  in  many  cases,  admitted  of  con- 
ilderable  variety,  Samelinies  thesicknesEand  looseness  were  preceded  by  spasms. 
Sometimes  the  patient  sunk  at  once  after  passing  off  a  small  quanlily  of  coluurlesi 
fluid  by  tomiling  and  stuol.  The  matter  vomited  iu  the  early  stages  was  in  most 
cases  colourless  or  milky  i  sometimes  it  was  zreen.  In  like  manner,  the  dejectioui 
were  usually  watery  and  muddy  ;  sametiines  red  and  bloody  ;  and  in  n  few  com 
they  consisted  of  a  greenish  pulp^  like  hnlf  digested  ve(;elables.  In  no  instance 
was  feculent  matter  passed  in  the  commencement  nf  ihe  disease.  The  craaipi 
usually  began  in  the  extremities  ;  and  thence  gradually  crept  lo  the  trunk  ;  some- 
times they  were  simultaneous  In  both  t  and  hamellmes  Ihe  order  uf  succeasiun  Hit' 
reversed  i  the  abdomen  being  first  affected,  and  theo  the  hands  and  feet.  Three 
spasms  hardly  amounted  lo  general  convulsion.  They  seemed  rather  affections  of 
individual  maples,  and  of  particular  sets  of  fibres  of  those  muscles:  causing  Thril- 
ling and  quivering  in  the  affected  parts  like  the  flesh  of  crimped  lalmon  |  nud 
firmly  stiffening  and  cantoiting  the  toes  and  fingers.  The  patient  always  com- 
plained of  pain  across  Ihe  belly  ;  which  nas  generally  painful  to  the  touch,  and 
sometimes  hard  and  drawn  back  towards  tbe  spine.  Tlie  burning  sensation  in  the 
stomach  and  bowels  was  always  present  i  and  at  times  extended  along  the  cardiB 
and  ceiophagus  to  ihe  throat.  The  powers  of  voluntary  motion  were  in  every 
instance  impaired,  and  ihe  mind  obscured.  The  patient  staggered  like  a  drunkeu 
man,  or  fell  donn  like  a  helpless  child,  Headach  oner  one  or  both  eyes  sometime*, 
bat  rarely,  occurred.  The  pulse,  when  to  be  felt,  was  generally  regular,  and 
extremely  feeble,  sometimes  soft,  not  very  quick,  usually  ranging  from  80  lo  tOOl 
In  a  few  instances,  it  rose  lo  140  or  160,  Bhortly  before  death.  Then  it  was  dis- 
tinct, imall,  feeble,  and  irregular;  sometimes  very  rapid ;  then  slow  for  one  or 
two  beats.  The  mouth  was  hot  and  dry  |  the  tongue  parched  and  deeply  furred, 
white,  yellow,  red,  or  brown.  The  urine  at  first  generally  limpid,  and  freely 
passed  I  sometimes  scanly,  with  such  difficulty  as  almost  to  amount  lo  strangury; 
Knd  sometimes  hardly  secreted  in  any  quanlily )  as  if  the  kidneys  bad  censed  lo 
perform  their  office.  In  a  few  cases  the  hands  were  tremuloui.  In  athera  the 
patient  declared  himself  free  from  pain  and  aneasiiiess;  when  want  of  pulse,  cold 
skin,  aud  anxiely  of  features,  portended  spr^edy  death.  The  cramp  was  invariably 
Increased  upon  moling. 

Where  Ihe  strength  of  the  patienl'gconstilntion,  or  of  ihe  curative  means  ad mi-' 
nistered,  were,  although  inadequate  wholly  to  subdue  tliedisease,sufficienl  to  resist 
the  violence  of  its  onset ;  nature  made  various  efforts  to  rally,  and  held  out  slroDg' 
but  fallacioM  promise!  of  returning  health.  In  snch  cases,  the  heat  waasomellna 
wholly,  at  others  partially,  restored  g  the  chesi  and  abdumrn  in  Ihe  latter  case 
becoming  warm,  whilst  the  limbs  kept  deadly  cold.  The  pulse  would  return,  grow 
moderate  and  full,  the  vomiting  and  cramps  disappear,  Ihe  nausea  AWmm^,  «iA 
Ihe  itnols  become  green,  pitcby,  and  even  feculenl(  a,n4  •«\ftvaX\*\c'ie^»''"w>*^* 
appearances,  tbe  patient  would  luddenly  rclsi^te  ;  eUWi,  tvtivi'Si  -wwA  cS  iw*"* 
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and  BDikty  wDold  ariie  t  Ihe  iDinitiDg,  oppreuioD,  and  imeasibilily  rctarn,  ud 
ia  a  few  hours  lerminste  in  dealh. 

When  Ihe  disorder  ran  ils  full  oune,  (he  FoliowiDg  appearancn  pr«enled  ihem- 
■ettn  1  ^VhaI  may  be  ternnl  the  cold  stage,  or  Ihe  iiB<e  of  ct'llapsc,  usually  lasted 
from  81  lo  48  hnurs,  and  was  seldom  of  more  than  three  comiilele  dajs'  dnrnlion. 
Throughout  Ihe  Sr»  84  houri,  nearly  all  Ihe  sjoiplunii  uf  deadly  oppreaaioa,  ihe, 
roldskin,  feeble  pulie,  vomlling  and  purgini;,  crani|i;,  ihlrti  and  anguish,  ( 
nued  undiminished.  When  Iheijiitem  ihownl  symplomaof  rrclTal,  the  vital  pi 
becaa  la  rally,  the  circulalisn  and  henl  to  he  restored,  and  the  spHsmiand  Eic 
to  be  coniiderahly  dimimsbed.  The  warmth  KradunM;  relurnecl,  Ihe  pulae  n 
tirenglh  and  fulness,  and  llien  became  sharp  and  sameiimeji  hard.  Tbe  to 
greir  mare  deeply  furred,  Ihe  thir^I  conliaued,  nith  less  nausea.  The  slaols  nel 
DO  longer  like  woler.ibey  became  first  brown  and  watery,  then  dark,  black, 
pitchy  1  and  ihe  bowels,  during  many  days,  coulinaed  lo  discharge  Immenie  1 
of  vilialed  bile,  until,  with  relurning  health,  the  lecretions  of  the  liver  and  ( 
viscera  gradually  put  on  a  nnlurul  appearance.  The  fever,  which  invatiaM^ 
attended  this  leciind  stage  of  the  diiease,  may  be  contidered  to  haie  been  talbi  ' 
the  result  of  n.ttiire't  effort  m  recover  herself  frnm  the  rude  shuck  which  s'  ' 
loslained.  than  as  forming  any  integrant  and  necessary  part  of  Ihe  disardei 
It  partook  mncli  of  Ihe  nalnie  of  the  cnmmon  bilious  attacks  prcTalent  ii 
latitudes.  There  was  Ihe  hut  dry  skin ;  foul,  deeply  fnired,  dry,  loogiie  ;  parched 
moQIh  I  lick  stomach  ;  depraved  secreliona  |  and  quick  variable  pulse  ;  sametimes 
with  stupor,  delirium,  and  other  marked  aScclions  of  the  hrain.  When  the  disorder 
proved  fatal  nfler  reaching  thii  staxe,  Ihe  tongue,  from  being  cream- coloured,  grew- 
brown,  and  sDuictimes  darkj  hard,  and  mure  deeply  furred  {  Ihe  leetb  and  lips 
were  covered  with  sordes «  the  stale  of  the  skin  varied;  chills  Bile  mating  with 
flushes  of  heat;  the  puhe  became  vreak  and  Iremuluuk  i  catcliiug  of  the  breath  : 
great  restlessness  and  deep  moaulng  succeeded  ;  and  the  patient  sni 
sible  under  the  debilitating  effects  of  frequent  dark,  pitchy,  alvine. 

Among  the  Europeans,  as  might  be  expected,  the  disei ., 
assumed  a  character  somewhat  different  from  the  above.  Ac« 
cording  to  Mr.  Crow,  it  was  in  them  more  nearly  allied  to 
tetanus  than  to  cholera.  This  distinction  was  of  great  use  as 
indicating  the  mode  of  cure.  The  following  e.\tract  is  from  Mr, 
Crow's  report : 

In  these  corps  the  disease  niakei  its  appearance  soinetimes  by  the  same  afleetion 
of  the  stomach  and  bowels  as  in  Ibe  natives,  frequently  With  spaim  in  the  feel,  legs. 
abdominal  muscles  nrarms  (  but  in  all,  Ihe  spasmodic  aRection  is  the  pre.«minen[ 
one,  head-ache,  pain  in  Ibe  eyes,  excruciating  pain  at  the  scrohlculus  cordis  (a 
pBlhognomic  symptom  of  lelanns)  qoick,  full,  hard  pulse  (but  labonring  and 
oppressed  according  to  the  violence  of  the  upasos),  relenlion  or  difGeulIy  of  void- 
ing the  urine,  slrong  and  vioienl  spasm  drawing  up  ihe  leRs,  rigidly  cnatraciing 
the  arms  and  fingers,  bending  the  body  forwards,  or  bar k w arils,  or  laterally,  the 
patieot  at  the  same  lime  exeriing  SBch  physical  strength  as  reiguitea  halfa  dnzen  of 
men  to  hold  him  on  his  cut.      1  have  already  uid  that  the  luiestlnul  evacuations  are 

bile  I  the  vomitings  are  somewhat  of  the  same  kind,  altepded  with  eructations, 
while  the  bowels  ate  distended  nith  nalus.  These  cnmhined  with  a  very  distress- 
ing tenesmus,  not  lo  be  allayed  by  anodyne  enemas,  strongly  point  out  (bat  nature 
requires  relief  by  Ihe  bowels,  .\flcr  Ihe  scrond  day  that  the  disease  made  ils 
spiiearanee  in  tfte  65tb,  Dr.  Burrell  commetieed  bload  letting  with  Ihe  ranst 
decided  advantage.  This  has,  therefore,  become  the  first  grand  r-medy  amnugit 
the  Earn peans,  and  In  which  he  has  bten  follnwed  by  the  prBelilinnrn!  Id  other 
European  corps,  and  with  Ihe  same  result.  Bleeding  qnoad  vires,  the  calomel 
and  opiate,  Ihe  hot  bath,  warm  clothing,  and  fricllnns  splrltnmis  oranndyne,  form 
Ihe  chain  of  IrealmenI  in  the  European  hospiiali  herct  mid  these  are  repealed 
again  and  again  as  the  symptoms  may  seem  to  d>nnnd.  Under  this  system,  and 
sorf^ application  for  relief,  I  think  the  dlseaie  is  not  fulal  in  a  greater  prnporlk 
Ihaa  I  in  100  cases. 

A  fact  is  FGCOided  in  diia  vci\o,tCh%  \C\'^gt:^'j  ^OMawcaJbla  to 
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Bombay   government.     When   the  epidemic  approached  that 
presidency,  Sir  Evan  Nepean  authorized  the  Medical  Board  to 
take  whatever  steps  they  thought  as  most  likely  to  clieck  its 
progress,  or  to  alleviate  the  calamities  which  it  mi^ht  be  expected 
to  produce  in  bo  populous  a  place  as  Bombay.     In  consequence 
of  this  permission,  as  it  was  evideutiy  impossible  from  the  preju- 
dices of  the  natives   to  collect  them  together  in  hospitals,  a 
number  of  native  assistants  were  hired  and  stationed  in  different      ■ 
parts  of  the  island,  in  order  to  afford  medical  aid  at  the  houses  of     ■ 
those  who  might  require  it.     For  their  instruction  and  guidance,     I 
a  brief  description  of  the  disease,  and  of  the  mode  of  cure,  waa     1 
dravm  up,  and  translated  into  the  different  languages  which  they 
understood.    This  most  difEcult  and  most  important  part  of  the 
arrangement  was  principally  conducted  by  Dr.  Taylor,  (rom  whose 
report  we  shall  extract  an  account  of  the  mode  of  treatment       ■ 
which  was  found  most  successful,  with  which  we  shall  close  oui     ■ 
observations  on  this  publication.  H 

The  methoj  of  cure  which,  nfler  consulting  with  you,  I  ordered  lo  be  nsed  bj 
(be  native  assistants,  nas  exlreoiel;  aimple.  They  were  supplied  ivilh  scruple 
dogu  of  caloniH,  and  B.  miiturc  campased  of  laudanum,  enence  of  p«ppernliDt, 
brandy,  and  water,  each  ounce  of  whicb  contained  60  niinimB  of  iaacfanum,  10 
minims  nf  estence  nf  jteiiperinint,  three  drachms  of  brandy,  and  four  drachmi  of 
WBlrr.  The  Ealomel  was  first  given  in  ponder  on  die  tongue,  and  then  washed 
down  with  an  ounce  nf  (he  mixlurp.  A  similar  dose  waa  ordered  lo  be  repealed  in 
Iwo  or  tbreehours,  if  the  patient  derived  no  material  relief  from  tbe  former,  orlo 
be  repealed  immediately  shonld  the  litst  be  rejected,  n  circumslaDce,  bairever, 
which  lery  seldom  happened.  Besides  gifiiig  these  medicines,  the  asiislants  were 
directed,  in  all  cases  wjiere  it  nas  practicable,  to  uiie  the  warm  bath  ;  and  when, 
OS  it  generally  happened,  this  could  not  be  done,  lo  eodeaiour  to  alleviate  the 
spasms,  and  the  pain  in  tbe  abdomen  by  fomentations  with  cloth  wnin;  out  of 
warm  water,  nr  by  fomentutions  with  warm  briclH  or  tiles,  or  salt  irrapprd  up  ia 
cloths.  Frictions  with  warm  spirits  were  also  directed,  which  almnsl  uniformly 
afforded  great  relief.  The  patients  were  ordered  to  be  laid  nn  a  col,  underneath 
dhicb,  shigras,  Slled  with  warm  ashes,  nere  placed  when  it  was  neceslary;  ves- 
sels filled  with  warm  water  were  also  applied  to  the  extremities.  When  by  the  use 
of  these  remedies  tlie  more  violent  symptoms  >rere  removed,  but  some  pain  or  unea. 
linns  in  tbe  abdomen  still  continued,  and  tbe  bowels  were  not  moved,  an  ounce,  or 
il  was  given.  In  addition  to  the  other  stimnliinti 
directed  cloves  and  cardomums  to  bn  taken,  when 
■e  cold  and  the  pulse  feeble,  fatticular  injunctions  were  given 
not  to  allow  the  patient  to  drink  cold  water  i  but  to  allay  in  some  measure  his 
orgenl  Ihirsl,  he  was  permitted  sparingly  tile  use  of  warm  congee.  The  asiislajiu 
were  also  enjoined  not  to  snlTer  any  one  Ig  be  disturbed  who  felt  a  disposition  lo 

As  the  majority  of  cases  were  seen  only  by  the  native  assistants,  I  have  judged  It 
proper  lo  give  this  accounl  of  llie  general  plan  of  praclice  they  were  directed  to 
parsne.  Considering  every  cirrumqiaKce,  the  inccess  attending  it  has  been  much 
■sncb  greater  than  rauld  have  been  expected, 

Tbe  same  practice  wa?  adopted  by  myself,  with  this  eieeption,  that  uanally  I 
hadrecounelnlhefirst  place  to  hieediag,  TbeHCCouaia  I  had  read  of  the  disease, 
and  of  some  dlsseciions  which  showed  a  great  congestion  nf  blood  in  the  abdominal 
and  thoracic  vessels,  led  me  lo  conclude,  that  bleeding,  in  many  cases,  would  be 
Ihe  most  efficacious  remedy.  Accordingly  it  will  be  observed  that  I  wished  to  Iry 
the  eBtet  of  blood  letting  in  one  of  tbe  first  cases,  but  was  preveuled  by  tbe  onwll- 
iingneiiofthe  patient.  A  day  or  two  afterwards  I  was  called  to  sec  a  peison  wbi 
had  been  ill  18  hoars,  and  had  received  from  one  of  my  aisraiM**  v-« o  ^w**  v«. 
calomel  and  Iwo  Inudanuni  draughts.  At  the  lime  \  vam  V™i,v\ns"i^\\«««™^"*'*^ 
affected,  be  bad  exerucialing  burniog  pain  in  the  aii&ctiiien,  w\\iv«>xoK»>-\T>^*i«P*. 
_  2  a2  . 
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and  spasms.  With  some  difficalty  I  prevailed  on  him  to  submit  to  b1e<^diDg,  and 
cook  from  him  at  least  84  ounces.  During  the  bleeding,  the  pain  in  the  abdomen 
entirely  ceased;  and  what  is  a  little  singular,  on  his  arm  being  tied  up,  he  lay  down 
on  his  left  side,  which  the  people  of  the  house  said  he  had  not  been  able  to  do 
before,  though  he  did  not  complain  of  any  uneasiness  in  the  region  of  the  liver.  Ab 
slight  spasms  still  continued,  I  ordered  him  to  be  put  into  the  warm  bath.  By  these 
means,  and  the  exhibition  afterwards  of  a  dose  of  castor  oil,  he  entirely  recovered. 

From  this  time,  bleeding  was  very  generally  adopted  in  the  cases  which  I  had  an 
opportunity  of  seeing :  latterly  also  it  was  had  recourse  to  by  such  of  the  assist- 
ants as  had  learned  to  bleed,  and  was  sometimes  even  urged  by  the  patients  them* 
felvesand  their  friends.  In  almost  every  case  it  relieved  the  pain  in  the  abdomen 
and  the  spasms,  and  when  the  principal  symptoms  were  great  oppression  at  the 
breast,  laborious  breathing,  and  a  sense  of  suffocation,  or  when  the  patient  bad 
trismus,  or  general  tremors. with  giddiness,  bleeding  was  the  only  remedy  which 
afforded  effectual  relief. 

When  it  could  be  obtained,  the  usual  quantity  of  blood  taken  away  was  24 
ounces,  and  no  case  occurred  to  me  of  the  disease  after  such  copious  bleeding  (for 
in  a  native  it  may  be  called  copious)  proving  fatal.  In  two  or  three  instancesy 
*  however,  it  was  found  expedient  to  repeat  the  bleeding. 

But  while  bleeding  in  an  early  stage  of  the  disease,  and  under  certain  circum- 
stances, almost  uniformly  produced  the  most  decided  and  salutary  effects,  it  was 
in  general  unavailing  in  the  latter  stages,  or  in  the  worst  farms  of  the  disease,  when 
the  extremities  were  cold,  the  pulse  could  not  be  felt,  and  the  eyes  fixed  and  sunk. 
In  such  cases  indeed  it  was  impossible,  as  has  been  already  observed,  to  procure  a 
proper  discbarge  of  blood,  which  merely  trickled  down  in  small  drops ;  and  open- 
ing the  temporal  artery  was  attended  with  no  advantage,  for  by  this  means  I  uevec 
obtained  more  than  two  or  three  ounces  of  blood.  Under  such  circumstances,  no 
pulsation  could  be  felt  in  the  artery,  and,  except  in  one  or  two  instances,  the  blood 
flowed  out  of  it  without  any  pulsatory  motion.  Almost  thp  whole  of  these  cases 
proved  fatal.  A  few,  however,  in  which  the  discharge  of  blood,  though  small, 
was  followed  by  funtness  aud  profuse  perspiration,  temrinated  favourably. 
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March  23* — A  paper,  by  Mr.  J.  Hood,  was  read,  entitled, 

"  On  the  Means  of  supplying  Muscles  in  a  State  of  Paralysis 

with  nervous  Power."    The  author  having  remarked  the  effects 

of  nitrate  of  silver  in  removing  the  spasmodic  action  of  the 

urethra,  when  applied  to  a  stricture  near  its  orifice,  concluded 

that  this  salt  has  the  property  of  influencing  the  action  of  the 

nerves  at  a  considerable  distance  from  the  place  where  applied. 

Observing  likewise  the  slight  discharge  produced  by  an  eschar 

made  by  the  nitrate  of  silver,  he  was  induced  to  ascribe  to 

it  the  power  of  exciting  the  absorbents  to  vigorous  action  by 

nervous  communication,  and  in  this  manner  he  explained  the 

good  effects  of  the  remedy  in  question  in  a  case  of  diseased  knee 

joint,  when  applied  so  as  to  produce  an  eschar.     Other  cases 

were  related  in  which  the  external  apphcation  of  nitrate  of  silver 

proved  stimulating  to  the  nervous  system  without  proportionally 

increasing  the  action  of  the  \a:&c\]iaLt  system.     Hence  the  author 

concluded  that  musculax  spaam  ^.ua  'g^s^^^\^  ^\^  ^*d;».^^d  by 
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diminished  nervous  action ;  that  muscular  spasm  cannot  exist 
where  the  temperature  is  steadily  above  90°,  and  that  animal  heat 
is  produced  principally  by  the  action  of  the  brain  and  nerves. 
Nitrate  of  silver,  according  to  the  author,  applied  to  tlie  head  or 
spine,  elevates  the  temperature,  subdues  spasm,  and  restores 
strength  in  certain  paralytica!  cases ;  and  appUed  to  enlarged 
joints,  produces  a  more  rapid  absoqition  than  any  other  remedy. 
The  Society  adjourned  till  after  Easter. 

April  13. — The  Society  resumed  its  meetings,  and  a  paper,  ty 
Sir  E.  Home,  was  read  on  the  Milk  Teeth,  and  Organs  ot  Hear- 
ing of  the  Dugong.  The  skull  from  which  the  foUowiiig  descri{^ 
tion  was  taken,  and  which  is  the  only  perfect  one  in  Europe, 
was  sent  from  Sumatra  by  Sir  Stamford  Kafdes.  The  milk  tusks 
of  this  animal  resemble  those  of  the  narwhale  and  elephant, 
being,  hke  them,  deficient  in  external  smoothness,  when  com- 
pared with  the  permanent  tusks.  Hut  they  are  pecuUar  in  havin 
a  shallow  cup  attached  to  their  base,  apparently  for  the  purpose 
of  receiving  the  point  of  the  permanent  tusks  as  boou  as  formed, 
and  for  directing  them  forward  in  the  same  course  as  that  of  the 
milk  tusks,  and  which  is  different  from  that  in  which  the  permar- 
nent  tusks  were  originally  directed.  The  milk  tnsks  of  the 
dugong  have  hitherto  been  mistaken  for  its  permanent  tusks ; 
but  as  no  full  grovm  individual  has  been  yet  examined,  the 
form,  8cc.  of  the  permanent  tusks  are  unknown. 

The  grinding  teeth  of  this  animaldifferfromtliose  of  all  others. 
They  consist  of  a  double  cone,  the  external  crust  of  which  is  not 
enamel.  This  crust  covers  an  internal  harder  coat,  and  the  bulk 
of  the  tooth  consists  of  soft  ivory ;  hence  in  wearing  down,  they 
will  assume  a  concave  form. 

The  organs  of  hearing  also  in  this  animal  are  quite  pecuhar. 
The  malleus  and  incus  are  fastened  to  the  sides  of  the  tympanum 
by  a  bony  substance  extending  across  the  intervening  space. 
The  stapes  is  opposed  to,  but  not  connected  with,  the  foramen 
ovale,  nor  isitanchylosed  withthe  ramus  of  the  incus.  The  handle 
of  the  malleus  projects  in  the  centre  of  the  circle  over  which  the 
membranum  l^mpani  had  been  spread  ;  and  hence,  in  the  recent 
animal,  is  probably  attached  to  the  centre  of  that  membrane 
As  the  habits  of  the  dugong  resemble  those  of  the  hippopotamus. 
Sir  Everard  was  induced  to  examine  the  organs  of  hearing  in  the 
latter  animal  to  see  if  they  were  similar  to  those  of  the  dugong. 
He  found  them,  however,  very  diti'erent,  the  ossicnla  auditus 
being  detached  from  the  skull,  and  readily  dropping  out  at  the 
external  orifice.  In  the  dugong,  the  semicircular  canals  and 
cochlea  are  very  small.  Sir  Everard  was  induced  to  conclude 
from  the  above  remarkable  construction  of  the  organs  of  hearing, 
that  this  animal,  perhaps  more  than  any  other,  hears  by  meairt 
of  vibrations  conveyed  through  the  bones  of  the  skull  to  th* 
canals  and  cochlea. 
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ROYAL   ACADEMY    OF    SCIENCES    AT   PARIS. 

An  Analysis  of  the  Labours  of  the  Royal  Academy  of  Sciences 

of  Paris  during  the  Year  1818. 

{CotUinwd  from  p.  305«) 

Physical  Sciences. — By  M.  Le  Chevalier  Cuvier,  Perpetual 

Secretary. 

CHEMISTRY. 

Chemistry  has  been  enriched  this  year  with  two  new  substances 
which  are  doubly  interesting ;  because  one  is  a  substance  not 
only  metallic^  but  also  alkaline ;  that  is  to  say^  its  oxide  is  a  new- 
fixed  alkali ;  and  the  other  is  metelhc^  acidifiable,  and  more  ana- 
logous to  sulphur  than  to  any  other  substance. 

We  owe  the  first  to  M.  Arfvedson,  a  young  Swedish  chemist, 
a  pupil  of  Prof.  Berzelius.  M.  Arfvedson  discovered  it  in  a 
stone  called  petalite,  in  which  he  did  not  find  more  than  from 
three  to  five  per  cent,  of  it ;  but  he  afterwards  found  as  much  as 
eight  percent,  of  it  in  another  stone  called  triphane. 

This  substance  affords  very  fiisible  salts,  vnth  the  greatest  part 
of  the  acids ;  its  carbonate,  when  melted,  attacks  platinum  nearly 
as  powerfully  as  the  nitrates  of  the  other  alkalies,  and  is  difficultly 
soluble ;  its  muriate  is  very  deliquescent ;  its  sulphate  crystalUzes 
without  any  water  of  crystallization.  The  capacity  of  this  alkali 
for  saturating  acids  is  much  greater  than  that  of  any  other  alkali, 
and  it  also  enters  into  the  salts  which  it  forms  with  the  acids  in  a 
much  greater  proportion. 

The  author  of  this  discovery  has  given  the  name  of  lithion  to 
this  new  substance,  in  order  that  we  may  recollect  that  this  alkali 
was  discovered  in  a  mineral ;  whereas  tne  other  two  fixed  alka- 
lies were  originally  extracted  from  vegetables. 

The  second  new  substance  was  discovered  by  Prof.  Berzelius 
himself  in  a  manufactory  of  oil  of  vitriol,  at  Faftlun,  in  Sweden. 
There  is  deposited  on  the  floor  of  the  chamber  where  the  sulphur 
(distilled  from  pyrites)  is  burned,  a  reddish  mass,  which,  for  the 
most  part,  consists  of  sulphur ;  but  on  being  set  on  fire,  it  exhales 
a  very  strong  odour  of  horseradish.  Now  this  smell  being  one 
of  the  characters  belonging  to  a  metal  discovered  a  few  years 
ago  by  M.  Klaproth,  and  called  tellurium,  it  was  suspected  that 
this  smell  was  owing  to  a  mixture  of  this  metal  with  the  sidphur. 
Nevertheless  Messrs.  Berzelius  and  Gahn,  who  first  examined 
this  red  substance,  were  not  able  to  extract  any  tellurium  from 
it.  The  first  mentioned  gentleman  carried  some  to  Stockholm, 
in  order  to  examine  it  more  closely,  and  found  in  it  a  very  vola- 
tile substance,  very  easily  reducible,  and  which  was  not  precipi- 
table  by  alkalies.  Its  colour  is  grey,  very  shining,  it  is  hard, 
friable,  and  its  grain  resembles  that  of  sulphur.    Its  i^pecific 
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gravity  is  3'6.  It  produces  a  led  powder  by  trituration,  is 
eofiteiied  at  the  temperature  of  boiling  water,  a  little  above  which 
it  mehe ;  and,  while  cooling,  it  remains  for  some  time  soft, 
plastic,  and  capable  of  being  drawn  out  into  threads  in  the  same 
manner  as  sealing  wax.  At  a  temperature  a  few  degrees  higher, 
it  boils,  and  gubhmes  in  the  form  of  a  yellowish  gas,  and  con- 
denses into  beautiful  red  flowers,  without  undergoing  oxidation. 
It  evaporates  in  the  open  air  in  a  red  smoke,  and  burns  with  a. 
blue  flame,  exhaling  so  strong  a  smell  of  horseradish  that  the 
thirtieth  part  of  a  grain  is  sufhcient  to  infect  the  air  of  the 
largest  room. 

Prof,  Ber^elius  has  given  the  name  of  selenium,  derived  fronj 
the  Greek  name  of  the  moon,  to  this  substance,  that  we  may 
recollect  the  affinity  it  has  with  tellurium ;  an  affinity  which  may, 
perhaps,  only  arise  from  the  presence  of  selenium  itself  m  every 
specimen  of  tellurium  hitherto  examined. 

These  discoveries  having  been  announced  to  the  Academy  by 
M.  Gillet-Lanmont,  and  soon  afterwards  confirmed  by  a  letter  of 
Prof.  Berzelius  written  to  M.  Bertliollet,  M,  Vauquelin  imme- 
diately set  about  verifying  the  report  with  respect  to  the  alkali ; 
and  his  observations  have  added  some  details  to  those  which 
M.  Arfvedson  had  given.  Although  M.  Vauquelin  had  only  a 
small  quantity  of  petalite  at  his  command,  he  found  in  it  as  much 
as  seven  per  cent,  of  lithion. 

Prof.  Berzelius  has  followed  up  his  discovery  of  selenium  with 
the  great  care  that  it  merited.  He  has  treated  it  with  most  of 
the  chemical  agents,  and  examined  their  actions  upon  it ;  and, 
having  come  to  Paris  this  year,  he  has  given  a  very  detailed 
account  of  his  labours  in  the  Annales  de  Chimie.  He  shows 
that,  taking  every  circumstance  into  consideration,  selenium  is 
an  intermediate  substance  between  the  combustible  and  metallic 
substances. 

He  has  exhibited  comparisons  between  selenium,  with  sulphur 
and  tellurium  on  the  one  side,  and  with  chlorine,  fluorine,  and 
iodine,  on  the  other :  all  of  them  substances  which  many  chemists 
have  lately  wished  to  class  along  with  sulphur,  because  they 
yield,  like  that  substance,  acids,  by  being  combined  with  hydro- 
gen. What  we  have  said  on  this  subject  in  the  analyses  of  1813 
and  1814,  in  giving  an  account  ofthe  new  theory  of  Sir  H.Davy, 
respecting  those  acids  which  he  considers  as  being  formed  with- 
out oxygen,  may  be  recollected, 

M.  berzelius  hnding  the  combinations  of  sulphur,  tellurium, 
and  selenium,  with  metals  and  combustible  substances,  to  have  a 
great  analogy  to  one  another,  and  on  the  other  side,  that  the 
combinations  of  iodine  and  chlorine,  with  the  same  substances, 
have  also  a  great  analogy  betwixt  themselves  and  with  those  of 
oxygenized  acids,  though  they  do  not  resemble  in  the  least 
the  preceding,  concludes  from  hence,  that,  iVife-^  (iOfta.'ia.'ixSja 
two  very  distinct  orders  of  substances  -,  «ji.d.  \i'j  'Osaa  Ve.  ■f^c-** 
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very  plainly  that  he  does  not  consider  the  theory  of  Sir  H.  Dav] 
as  being  demonstrated. 

Seleiiiuiu  is  excessively  rare ;  500  lbs.  of  sulphur,  whf 
burned  in  the  manufactory  of  Fahlun,  yields  only  one-third  of 
gramme.  In  how  much  smaller  proportion  then  must  it  be  in  the 
pyrites  from  which  the  sulphur  is  extracted !  Prof.  BerzelJus  has 
smce  found  it  forming  about  the  one-fourth  part  of  an  extremely 
rare  ore  of  silver  and  copper,  extracted  from  a  mine  now  aban- 
doned in  the  province  of  Smoland,  in  Sweden,  which  he  had 
considered,  on  account  of  its  smell,  as  an  ore  of  tellurium.  He 
has  also  found  some  specimens  of  it  combined  with  copper 
without  any  silver. 

The  more  we  reflect  on  these  chemical  elements,  which  appear 
to  be  scattered  at  random  by  nature  in  such  minute  quantities, 
that  the  most  delicate  exertions  of  art,  and  the  most  profound 
science,  are  required  to  discover  them,  the  more  we  are  led  to 
believe  that  still  more  profound  researches  will  hereafter  strip  them 
of  their  rank  of  elements. 

M.  Gay-Lussac  made  some  researches  in  ISll  upon  the 
colouring;  principle  of  prussian  blue,  or  that  substance  which  has 
been  called  for  some  time  the  prussic  acid.  These  researches 
showed  that  this  substance,  in  a  state  of  purity,  had  very  remark- 
able properties,  of  which  we  were  until  then  entirely  i^orant ; 
such  as,  among  othen,  the  very  small  interval  between  its  freez- 
ing point  and  tliat  of  its  evaporation,  and  its  dreadfril  power  upon 
the  animal  economy.  This  experienced  chemist,  continuing  his 
researches  upon  this  important  subject,  discovered  in  1814  that 
this  principle  was  a  hydro-acid  ;  that  is  to  say,  one  of  those  sub- 
stances which  resemble  acids  in  their  action  upon  other  bodies, 
but  in  which  the  presence  of  oxygen  could  not  be  demonstrated, 
and  which  appear  to  be  formed  by  the  combination  of  hydrogen 
witli  a  radical.  The  prussic  acid  is  really  the  first  hydro-acid 
whose  radical  is  known  in  respect  to  its  elements,  as  M.  Gay- 
Lussac  found  that  it  was  composed  of  carbon  and  azote  in  slightly 
different  proportions.  He  called  the  radical  cyanogen,  and  the 
acid  produced  from  it  hydrocyanic  acid,  on  account  of  its 
property  of  giving  a  blue  colour  to  oxide  of  iron.  We  annofinced 
^1  these  discoveries  in  our  Analyses  for  1811  and  1814. 

M.  Vauquelin  has  turned  his  attention  to  tiiis  subject,  follow- 
ing, as,  with  his  accustomed  modesty,  he  expresses  himself,  the 
road  which  M.  Gay-Lussac  had  marked  out  for  him :  neverthe- 
less this  road  had  some  branches  which  could  not  escape  a  man 
like  M.  Vauquelin. 

Gaseous   cyanogen  is  absorbed   by  about  four  times  and 
half  its  bulk  of  water,  and  communicates  a  very  sharp  taste  ai 
smell  to  it,  but  without  colouring  it.     This  solution,  in  the  coura«' 
of  some  days,  becomes  yellow,  and  afterwards  brown ;  it  depo- 
sit a  bi-oivn  matter,  acquires  the  odour  of  hydrocyanic  acid,  and 
on  the  additioQ  of  potash,  ammonia,  va  i^N^'ia'^ti.    KevertheleiS 
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it  will  not  yet  form  prussian  blue.  Further  experiments  showed 
that  it  contained  hydrocyanate  and  carbonate  of  ammonia,  and 
also  ammonia  combined  with  a  third  acid  which  M.  Vauquelin 
calls  the  cyanic,  but  without  absolutely  determiuing  the  compo- 
sition of  its  radical. 

The  wafer,  therefore,  is  decomposed ;  part  ofits  hydrogen  com- 
bines with  one  part  of  the  cyanogen,  and  forms  hydrocyanic  acid; 
another  part  unites  with  the  azote  of  the  cyanogen,  and  fomra 
ammonia  ;  the  oxygen  of  the  water  forms  carbonic  acid  with  one 
part  of  the  carbon  of  the  cyanogen.  The  third  acid  results  from 
some  combination  of  the  same  kind,  and  there  still  remains  some 
carbon  and  azote  which  could  not  be  converted  into  any  of  those 
acids  from  a  deficiency  of  oxygen,  and  which  produces  the 
brown  deposit. 

Alkaline  oxides  produce  simdar  effects,  but  much  more  quickly. 

Cyanogen,  treated  with  a  number  of  other  oxides,  metals,  and 
combustible  substances,  afforded  results  not  less  curious  to  M. 
Vauquehn.  The  most  interesting  question  that  could  be  resolved ' 
was  the  inquiry  whetlier  pnissiaii  bhie  is  a  cyanuret  or  a  hydro- 
cyanate ;  that  is  to  say,  whether  it  is  a  combination  of  oxide  of 
iron  with  cyanogen,  or  rather  with  its  hydro-acid.     M.  Vau- 

3uelin  having  found  that  water  impreguated  with  cyanogen  caa 
issolve  iron  without  changing  it  into  prussian  blue,  and  without 
the  disengagement  of  any  hydrogen  gas,  and  that  prussian  blue 
was  left  m  the  undissolved  portion ;  while  hydrocyanic  acid 
converts  iron  or  its  oxide  into  prussian  blue  without  the  help 
either  of  alkalies  or  of  acids ;  he  has  concluded  from  hence, 
against  the  opinion  of  M.  Gay-Lussac,  that  prussian  blue  is  a 
hydrocyanate,  and  that  when  icon  is  exposed  to  water  impreg- 
nated with  cyanogen,  there  is  not  only  ibrnied  in  it  cyanic  acid, 
which  dissolves  a  part  of  the  iron,  but  also,  and  at  the  same 
time,  hydrocyanic  acid,  which  changes  another  part  of  the  iron 
into  prussian  blue. 

He  even  establishes  it  as  a  general  rule,  that  those  metals 
which,  like  iron,  decompose  water  at  the  ordinary  temperature 
of  the  atmosphere,  form  bydrocyanates  ;  and  tliat  those  metals 
which  do  not  possess  this  power,  as  silver  and  quicksilver,  form 
only  cyanurets. 

It  is  well  known  that  most  acids  are  formed  by  the  com- 
bination of  oxygen  with  certain  substances  to  which  the 
name  of  radicals  is  given,  and  that  the  acid  tlius  formed  differs 
in  its  properties  according  as  there  enters  into  the  combination 
a  greater  or  less  proportion  of  oxygen,  and  is  called  by  a  different 
name,  to  which  modem  chemists  have  given  a  certiiin  regularity, 
indicating  the  degree  of  oxidtzement  by  means  of  the  termination. 
It  is  thus  that  azote  produces,  by  successive  additions  of  oxy- 
gen, nitrous  gas,  nitrous  acid,  nitric  acid ;  and  we  have  mentioned, 
in  our  Analyses  for  1S16  other  combination¥.,"«*M.t.\v&\*Sfe\.«v.'isi»* 
proportions,  discovered  by  Messrs.  Ga^-V.\iB.?.?iK.  ^'cv6.\l"iS«i'w^- 
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M.  Thenard  has  lately  made  some  expeiiments,  from  which  it 
appears  that  many  acidti  will  admit  the  combination  of  much 
larger  proportions  of  oxygen  than  those  which  have  bitheito 
been  regarded  as  their  most  hi^ldy  oxygenized  state.     By  car 
fully  dissolving  super-oxidized  barytes  in  nitric  acid,  and  prec 
pitating  the  barytes  from  it  by  sulphuric  acid,  the  excess  < 
oxygen  remains  united  with  the  former  acid,  which,  by  thi 
means,  becomes  oxygenized  nitric  acid.    It  may  be  concentratect 
by  the  means  pointed  out  by  M.  Thenard,  to  such  a  degrte  that 
■t  will  yield  by  beat  1 1  times  its  bulk  of  oxygen,  and  is  thai, 
according  to  the  calculation  of  this  experienced  chemist,  a  com- 
bination of  one  volume  of  azote  with  three  volumes  of  oxygen. 
The  hydrochloric  acid  is  oxygenized  by  the  same  means,  and 
acquires  some  singular  properties ;  for  on  being  applied  to  oxide 
of  silver,  water  and  a  chloruret  are  fonned,  and  the  disengagedf* 
oxygen  produces  an  effervescence  as  violent  as  when  an  acid  'vm 
poured  upon  an  alkaline  carbonate. 

Sulphuric  acid  and  Huoric  acid  may  be  oxygenized  in  the 
manner,  and  all  these  acids  may  be  again  superoxygenized  once 
or  even  ollener.  M.  Thenard  has  added  in  this  manner  to  SM 
as  many  as  seven,  and  even  15  successive  doses  of  oxygf 
He  has  also  forced  hydrochloric  acid  to  absorb  a  quantity  a£.' 
oxygen  equal  to  yu  times  its  bulk.  Nothing  could. equal  ti~~ 
effervescence  that  then  took  place  on  its  coming  in  coatactTvif 
oxide  of  sdver.  The  earths  and  metallic  oxides  may  be  all 
superoxygenized  by  means  of  the  acids  thus  surchswged  with 
oxygen,  and  by  similar  processes.  M.  Thenard  has  even  super- 
oxygenized water  by  pouring  baiytes  water  into  superoxygenized 
sulphuric  acid ;  the  sulphuric  acid  united  with  the  barytes,  aad»' 
ceded  its  excess  of  oxygen  to  the  water.  Water  thus  oxygen 
ized  freezes  or  evaporates  in  vacuo  without  losing  its  oxygen 
on  the  contrary,  it  becomes  more  concentrated,  untU  it  '~-' 
absorbed  from  40  to  50  times  its  volume  of  oxygen ;  but  boi 
carries  off  the  oxygen ;  charcoal,  silver,  the  oxide  of  silver, 
those  of  several  other  metals,  occasion  it  to  be  thrown  off  with 
violent  effervescence ;  and  it  is  very  singular  that  this  rapid 
change  of  a  considerable  quantity  of  matter  into  a  gaseous  et^e, 
so  far  from  producing  any  cold,  heats  the  liquor  very  sensibly. 
M.  Thenard  supposes  that  electricity  has  some  share  in  ^13 
phenomenon. 

It  is  known  at  present  by  the  celebrated  galvanic  experimenU- 
of  Sir  Humphry  Davy,  that  fixed  alkalies  are  merely  tne  oxidei 
of  extremely  combustible  metals;  and  by  thoseof  MM.  Thenard 
and  Gay-L«8sac,  that  they  can  be  reduced  to  the  metallic  state' 
by  means  of  charcoaiand  a  verv  high  temperature.  Wementdont 
these  grand  discoveries  in  our  Analysis  for  1808, 

M.  Vauquelin,  having  lately  reduced  antimony  by  alkaline 
fluxes,  perceived  that  this  metal  put  into  water  yielded  a  great 
quantity  of  Iiydrogen  gas,  and  that  the  water  became  alkaliae. 
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Other  metals,  reduced  iu  the  same  manaeT,  produced  the  same 
appearances.  From  this  he  concludes,  that  apart  of  the  alkali 
which  he  used  combioed  in  a  metalhc  form  dunng  the  operatioa 
with  tiie  antimony,  and  decomposed  the  water  to  return  to  the 
state  of  oxide  ;  but  he  has  of  course  been  also  obhged  to  con- 
clude, that  the  presence  of  a  metal  is  favourable  to  the  reduction 
of  the  alkali,  as  otherwise  it  would  not  have  taken  the  metallib 
form  in  so  low  a  temperature. 

We  mentioned  la^t  year  some  experiments  of  MM.  Chevillot 
and  Edouard  upon  that  singular  combination  of  manganese  and 
potash  which  is  called  the  mineral  cameleon,  upon  account  of 
the  facility  with  which  itB  colour  may  be  changed  several  times 
successively. 

These  young  chemists  have  continued  their  labours,  and  have 
discovered  that  soda,  barytes,  and  strontian,  will  yield  different 
sortA  of  cameleons,  by  uniting,  like  potash,  with  the  oxide  of 
CQanganese  and  absorbing  the  oxygen  from  it ;  but,  confining 
their  principal  attention  to  the  species  of  cameleon  formed  by 
potash,  in  which  the  alkaU  is  perfectly  neutral,  and  which  is  of 
a  fine  red  colour,  they  have  found  that  those  bodies  which  are 
very  combustible  act  very  energetically  upon  it,  that  they  decom- 
pose it,  and  frequently  take  fire  together  with  a  strong  detona- 
tion :  phosphorus  even  produces  a  detonation  by  simple  contact. 
On  the  other  hand,  this  red  cameleon,  exposed  to  fire,  is  decom- 
posed, and  yields  oxygen,  black  oxide  of  manganese,  and  green 
cameleon,  in  which  potash  is  in  excess. 

They  conclude  from  these  facts,  that  in  the  formation  of  the 
cameleon,  the  result  of  the  intervention  of  the  oxygen  is  a  further 
oxidizeraent  of  the  manganese,  and  the  conversion  of  it  into  a 
true  acid ;  so  that  the  cameleon  is  a  manganesiate  of  potash. 
The  red  cameleon  in  particular,  being  a  perfectly  neutral  mangft- 
nesiate,  and  the  ereen,  a  manganeeiate  with  an  excess  of  alkali. 
Still,  however,  they  have  not  been  able  to  insulate  the  acid 
whose  existence  they  admit ;  but  they  have  made  numerous 
experiments  which  tliey  imagine  to  confirm  the  opinion  theypnb- 
lisned  last  year,  that  the  green  cameleon  only  differed  from  the 
red  by  having  more  alkali  in  its  composition. 

When  acids  are  poured  upon  the  green  cameleon,  or  an  alkali 
upon  the  red,  they  are  equally  changed  from  one  colour  to  the 
other ;  even  boiling  and  agitation  are  sufficient  to  disengage  the 
excess  of  potash  in  the  green  cameleon,  and  to  change  it  into 
red.  Many  acids  also,  when  used  in  excess,  decompose  the 
cameleon  entirely,  by  taking  the  potash  from  it,  disengaging  the 
oxygen,  and  precipitating  the  manganese  in  the  state  of  black 
oxide.  Sugai',  gums,  and  several  other  substances,  capaWe  of 
taking  away  the  oxygen,  also  decompose  the  cameleon ;  and  an 
exposure  to  the  air  produces  a  similar  effect,  which  these  authors 
ascribe  to  the  foreign  particles  Boating  in  the  atmosphere,  an4 
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which,  falling  into  the  solution,  take  away  a  portion  of  the 
oxygen  that  is  essential  to  its  existence. 

Cobalt  and  nickel  are  two  semimetals  which  it  is  very  difficult 
to  obtain  in  a  state  of  purity,  and  still  more  difficult  to  separate 
entirely  from  one  another ;  nevertheless  this  purification  is  neces- 
sary for  an  exact  determination  of  their  respective  moperties. 
M.  Laugier  having  tried  the  newest  methods  that  have  been 
published  as  proper  to  obtain  this  object,  has  found  in  nickel 
unequivocal  traces  of  cobalt.  In  orcfer  to  get  rid  of  them,  he 
dissolved  the  mixed  metal  in  ammonia,  and  precipitated  it  by 
oxaUc  acid;  he  then  redissolved  the  oxalate  of  nickel  and 
cobalt  obtained  by  this  operation  in  concentrated  ammonia,  and 
exposed  the  solution  to  the  air.  As  the  ammonia  exluded, 
oxalate  of  nickel  mixed  with  ammonia  was  deposited.  Tlie 
nickel  was  entirelv  separated  from  the  liquid  by  repeated  crys- 
tallizations; so  th^t  there  remained  omy  a  combination  of 
oxalate  of  cobalt  and  ammonia,  which  was  easily  reduced.  The 
small  quantity  of  cobalt  that  remained  in  the  nickel  that  was 
precipitated  was  separated  by  several  successive  solutions  in 
ammonia;  so  that  one  and  the  same  operation  yielded  both 
metals  in  a  state  of  purity. 

Sugar  of  milk,  treated  with  nitric  acid,  yields  an  acid,  origi- 
nally discovered  by  Scheele,  and  which  has  been  since  called 
the  mucic  acid,  because  it  is  also  produced  by  the  action  of 
nitric  acid  upon  gums  and  mucilages.  When  this  acid  is 
exposed  to  heat,  a  brown  saline  matter  is  sublimed,  of  a  strong 
smell,  soluble  in  water  and  alcohol,  and  burning  with  a  fiame 
upon  lighted  charcoal.  Trommsdorf,  who  particularly  examined 
this  sublimed  substance,  conceived  he  had  found  in  it  succinic 
acid,  pyrotartaric  and  acetic  acids,  and  several  other  substances ; 
but  M.  HoutonrLabillardiere  perceiving,  upon  the  reading  of 
TrommsdorPs  essay,  that  he  attributed  to  the  succinic  acid  very 
different  characters  from  those  that  this  acid  really  possesses, 
thought  proper  to  resume  the  research. 

He  has  read  a  memoir  to  the  Academy,  in  which  he  proves 
that  this  pretended  succinic  acid  is  a  new  acid,  to  which  he 
gives  the  name  of  pyromucic  acid.  When  it  is  cleared  from 
the  oil  and  acetic  acid  with  which  it  is  mixed,  it  easily  crystal- 
lizes, and  is  white,  scentiess,  of  a  strong  acid  taste ;  it  melts  at 
130  centigrade  degrees  (266^  Fahr.)  is  volatiUzed  at  aUttie  above 
that  temperature,  does  not  attract  moisture,  dissolves  much  more 
abundantly  in  boiling  water  than  in  cold ;  and  upon  its  being 
resolved  into  its  constituent  parts,  there  were  obtained  from  it 
about  nine  volumes  of  the  vapour  of  carbon,  three  of  hydrogen,  and 
two  of  oxygen.  M.  Houton-Labillardiere  carefully  describes  the 
combinations  of  this  acid  with  different  saUfiable  bases,  and  all 
the  appearances  that  he  relates  support  the  assertion  of  thi% 
young  and  skilful  chemist. 
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M.  Chevreul  has  made  new  and  important  additions  to  his 
researches  upon  fatty  bodies,  with  whicB  we  have  already  several 
times  entertained  oar  readers.  Having  found  that  the  matter  of 
biliary  calcuh,  which  he  calls  ckolesterhte,  does  not  form  a  soap 
with  the  alkalies — a  circumstance  which  distinguishes  it  com- 
pletely from  fats  ;  he  thought  he  had  also  found,  that  spermaceti, 
to  which  he  gave  the  name  of  citiiie,  was  reduced  by  the  action 
of  alkalies  into  an  acid  analogous  to  one  of  those  two  acids  that 
tiie  alkahes  produced  from  fats ;  namely,  into  that  which  he 
called  margaric  acid,  but  that  the  acid  of  spermaceti  had  a  much 
smaller  capacity  of  saturation.  He,  therefore,  judged  it  necessary 
to  give  this  acid  a  peculiar  name,  and  called  it  cetic  acid.  A 
continuation  of  these  experiments  has,  however,  convinced  him 
that  this  acid  is  in  fact  only  mai^aric  acid,  whose  properties 
have  been  altered  by  some  remains  of  a  fatty  matter  not  of  an 
acid  nature.  But  dolphin  oil,  when  treated  by  M.  Chevreul'a 
method ;  that  is  to  say,  converted  into  soap  by  means  of  the 
alkalies,  afforded,  besides  the  two  acids  yielded  by  fatty  sub- 
stances, a  third  sort  of  acid,  which  he  calls  the  delpkimc,  but 
which  is  not  yielded  by  common  tish-oil. 

It  must  be  noticed  that  oxygen  is  not  found  to  be  contained  in 
these  new  ternary  acids  prepared  (rom  fats,  and  that  they  are, 
in  respect  to  the  common  vegetable  acids,  the  acetic  acid, 
the  oxalic,  8Cc.  the  same  as  in  the  mineral  kingdom,  the 
hydro-acids  of  Sir  H.  Davy  are,  in  respect  to  the  old  and  well- 
known  mineral  acids,  the  nitric  acid,  the  sulphuric,  &c. 

Cochineal,  that  singular  insect,  which,  on  account  of  tha 
colouring  matter  that  it  yields,  is  become  such  an  important 
article  in  commerce,  not  haWng  been  studied  as  yet  by 
chemists  with  that  attention  which  it  deserved,  MM,  Pelletier 
and  Caventou  have  made  it  the  object  of  their  experiments. 
They  have  found  that  the  very  remarkable  colouring  matter 
which  composes  the  principal  part  of  it,  is  mixed  with  a  peculiar 
animal  matter,  a  fat  tike  common  fat,  and  with  different  sorts  of 
salts.  The  fat  having  been  eeparatedbyether,  and  the  residuum 
treated  with  boiUng  alcohol,  they  either  allowed  the  alcohol  to 
cool,  or  gently  evaporated  it,  and  by  this  means  they  obtained 
the  colouring  matter,  but  still  mixed  with  a  little  fat  and  animal 
matter ;  these  were  separated  from  it  (iiy  again  dissolving  it  ia 
cold  alcohol,  which  left  the  animal  matter  untouched,  and  by 
mixing  the  solution  with  ether,  and  thus  precipitating  the  colour- 
ing matter  in  a  state  of  great  purity.  It  is  well  known  that  this 
colouring  matter  is  of  a  most  beautiful  red  colour,  and  tha 
chemists  of  whom  we  are  speaking,  give  it  the  name  of  car- 
mine (carminium).  It  melts  at  50°  (12'2°  Fahr.)  becomes  puffy, 
and  is  decomposed,  but  does  not  yield  ammonia.  It  is  very 
soluble  in  water,  sh^htly  in  alcohol,  and  not  at  all  in  ether,  unle«& 
by  the  intermediation  of  fat.     Acids  ch.awep  A  tsu-ssi. 
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first  to  bright  red,  and  then  to  yellow :  alkalies,  aad  genially 
speaking  all  protoxides,  turn  it  violet ;  ahimine  takes  it  fkom 
water. 

These  experiments  explain  many  of  the  processes  in  the  art  of 
dyeing  and  colour  making,  and  particularly  they  explain  what 
happens  in  dyeing  scarlet,  and  m  the  manufacture  of  carmine 
and  lake. 

Lake  is  composed  of  carminium  and  alumine :  it  has  the  proper 
colour  of  carminium  ;  that  is  to  say,  crimson.  Carmine  itself  if9 
a  triple  compound  of  an  animal  matter,  carminiam,  and  an  acid 
which  enlivens  the  colour ;  the  action  of  muriatic  acid  in  chang* 
ing  the  crimson  colour  of  cochineal  into  a  fine  scarlet  ia  wnflar. 

METEOROLOGY. 

The  most  apparent  causes  of  atmospheric  phenomena,  such  as 
the  density  of  the  air,  its  moisture,  its  heat,  and  its  electricity, 
appear  to  depend  principalljr  upon  the  action  of  the  sun :  never- 
theless the  irregularity  of  their  effects  in  our  climates  are  sufficient 
to  show  that  there  exists  influences  of  a  different  kind^  and  that 
they  are  complicated  with  causes  still  unknown:  it  is  this 
complication  which  renders  meteordogy,  even  at  present,  the 
branch  of  the  physical  sciences  which  has  made  the  smallest 
approach  to  that  degree  of  certainty  which  is  necessary  to  its 
bemg  considered  as  a  real  science. 

M.  Humboldt  remarks,  that  if  any  hope  exists  that  the  laws  of 
meteorology  can  ever  be  discovered,  it  must  be  by  studying  it  in 
those  climates  where  the  phenomena  are  of  the  most  simple  and 
the  most  regular  nature ;  and  the  torrid  zone  must,  on  these 
grounds,  attract  the  principal  notice  of  observers. 

It  is  only  between  the  tropics  that  it  has  been  possible  to 
determine  the  laws  which  regulate  the  small  hourly  variation  of 
the  barometer ;  it  is  in  the  torrid  zone  that  dry  and  wet  seasons, 
and  that  the  direction  of  the  winds  peculiar  to  each  season^  are 
submitted  to  invariable  laws. 

M.  Humboldt  has  paid  much  attention  to  the  relation  between 
the  declination  of  the  sun  and  the  commencement  of  the  rainy 
season  in  the  north  part  of  the  torrid  zone.  In  proportion  as  the 
sun  approaches  the  parallel  of  any  place,  the  northern  breezes 
are  changed  for  calms,  or  south  easterly  winds.  The  transparency 
of  the  air  is  diminished,  the  unequal  refrangibiUty  of  its  strata 
causes  those  stars  to  twinkle  which  are  20°  above  the  horizon. 
The  vapours  soon  collect  in  clouds ;  positive  electricity  is  no 
longer  constantly  to  be  found  in  the  lower  part  of  the  atmosphere, 
thunder  is  heard  during  the  day,  heavy  rain  succeeds,  the  calm 
of  night  is  only  interrupted  by  gales  from  the  south-east. 

M.  Humboldt  explains  these  appearances  by  the  greater  or 
less  inequahty  between  this  part  of  the  torrid  zone  and  the  neigh- 
bouring part  of  the  temperate  zone*    When  the  sun  is  to  the 


1820.]  Ro^al  Acadcmt/  of  Sciences.  383 

BOutli  of  the  equator,  it  is  winter  in  the  northeni  hemisphere. 
Tlie  air  of  the  temperate  zone  is  then  as  difi'erent  aa  it  can  be 
from  that  of  the  torrid  zone.  There  flows  into  the  latter  a  con- 
stant, cool,  flnd  'uniform  breeze,  which  carries  the  heated  and 
moist  air  into  the  higher  regions,  from  whence  it  flows  back 
towards  the  same  temperate  zone,  reestabhshes  the  equilibrium, 
and  deposits  its  moisture  there  ;  «o  that  the  mean  heat  is  always 
5°  or  6^  less  in  the  dry  season  than  in  the  rainy ;  but  the  south- 
east winds  do  not  act  like  those  of  the  north ;  because  they  come 
from  a  hemisphere  which  contains  much  more  water,  and  in 
which  the  upper  current  of  air  is  not  dispersed  in  the  same 
manner  as  in  the  northern  hemisphere. 

M.  Moreau  de  Jonnes  has  communicated  some  details,  ex- 
tracted from  hia  correspondence,  relative  to  the  hurricane  that 
caused  so  much  dam^e  in  the  Caribbee  islands  the  21st  of  last 
September.  It  was  preceded  by  a  dead  calm,  the  wind  shitted 
from  north  to  north-west,  and  it  was  in  this  point  that  it  blew 
with  violence,  M.  de  Jonnes  remarks  upon  this  subject,  that  in 
the  preceding  year  the  hurricane  of  the  20th  of  October  came 
from  the  south  west ;  and  that  there  exists  a.  space  of  90° 
between  these  two  points,  from  south  to  north,  from  whence  the 
wind  never  blows.  The  agitation  of  tlie  air  was  followed  by  a 
great  swell  of  the  sea,  which  caused  the  shipping  to  drive ;  yet 
no  extraordinary  movement  was  observed  in  the  barometer.  It 
ia  remarked,  with  some  degree  of  sorrow,  that  the  eflect  usually 
attributed  to  hurricanes,  of  purifying  the  air  of  the  countries  tliey 
devastate,  was  not  verified  upon  this  occasion,  for  the  yellow 
fever  did  not  cease  to  commit  its  usual  ravages. 

The  same  observer  has  also  given  some  notices  respecting  the 
earthquakes  which  have  been  felt. this  year  in  the  Caribbee 
Islands ;  and  which  have  had  this  peciiharity,  that  they  have 
aflfected  a  kind  of  periodical  recurrence.  Eight  of  these  earth- 
quakes were  felt  from  December  to  May;  one  every  month, 
except  in  April,  in  which  month  there  were  two ;  and  all  of  them 
took  place  in  tlie  night  between  nine  o'clock  and  eleven. 

MINERALOGY  AND  GEOLOGY. 

M.  Beudant  continues  to  enrich  crystallography  with  re- 
searches equally  new  and  interesting.  We  saw  last  year,  by  his 
experiments,  how  a  saline  principle  of  a  certain  kind  sometimes 
impressed  its  cryatailine  form  upon  a  mixture  in  which  it  did  not 
by  any  means  form  the  greatest  part. 

He  has  occupied  himself  this  year  with  a  question  that  is  not 
less  important  in  respect  to  the  knowledge  ot  crystals ;  namely, 
to  determine  the  causes  which  occasion  a  saline  substance,  whose 
primitive  molecules  and  nucleus  have  a  constant  form,  to  be  dis- 
guised, by  means  of  the  accumulation  of  its  molecules  accord«:v9t 
to  different  laws,  with  so  many  and  so  Mndua  ^^.c^i^^vj  ^w— 
that  their  number  is  soraetimBS  astomaXiin.^. 
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Haying  remarked  that  the  secondary  forms  of  a  substance  ai'ef 
most  commonly  the  same  in  any  one  min^  or  place  where  it  is 
found  associated  with  other  minerals  under  similar  circumstances ; 
he  jud^d  that  the  secondary  forms  arise  from  the  medium  in 
which  tne  crystallization  takes  place. 

It  has  been  known  for  a  long  time^  from  the  experiments  of 
Ilom6  de  Lille,  and  those  of  Fourcroy  and  M.  Vauquelin,  that 
the  presence  of  urea  occasions  common  salt  to  take  an  octahe- 
dral form,  although  in  pure,  water  it  crystallizes  in  cubes,  similar 
to  its  constituent  molecules.  The  same  substance  produces  an 
opposite  effect  upon  muriate  of  ammonia,  which  crystallizes  in 
octahedrons  in  pure  water ;  while  urea  causes  it  to  crystallize  in 
cubes. 

A  very  slight  excess  or  de6ciency  of  base  in  alum  causes  it  Co 
assume  either  cubical  or  octahedral  secondary  forms  ;  and  these 
forms  are  so  truly  secondary  that  an  octahedral  crystal  of  alum 
immerged  in  a  solution  wnich  is  richer  in  respect  to  its  basis, 
becomes  enveloped  with  crystalline  layers,  wnich  cause  it  to 
assume  at  lengtii  the  form  of  a  cube. 

Setting  out  from  these  facts,  M.  Beudant  treats  the  question 
at  full  length,  and  has  submitted  the  crystallization  oi  sedts  to 
experiments  made  under  every  circumstance  that  he  believed 
capable  of  exerting  any  influence  upon  it ;  namely, 

1 .  General  and  external  circumstances ;  such  as  heat,  weight 
of  the  atmosphere,  greater  or  less  rapidity  of  evaporation,  bulk 
of  the  solution,  form  of  vessels,  &c. 

2.  Mechanical  mixtures  which  foul  the  solution,  whether 
simply  suspended  in  the  state  of  an  incoherent  precipitate,  or  in 
that  of  a  gelatinous  deposit. 

3.  What  he  denommates  chemical  mixtures  existing  in  one 
and  the  same  solution. 

4.  Lastly,  Variations  in  the  proportion  of  the  constituent  prin- 
ciples of  the  crystallized  substance.    . 

The  circumstances  of  the  first  kind  do  not  exercise  any  other 
action  than  what  regards  the  size  and  perfection  of  the  crystals. 
The  case  is  even  the  same,  as  to  any  small  portion  of  matter  which 
remains  in  permanent  suspension  m  the  liquid  ;  but  this  cannot 
be  said  in  respect  to  precipitates  and  chemical  mixtures. 

Crystals  formed  in  the  midst  of  an  incoherent  precipitate, 
deposited  like  mud  at  the  bottom  of  a  liquid,  always  take  up  a 
more  or  less  considerable  portion  of  the  molecules  of  this  precipi- 
tate, and  by  this  admixture  they  usually  lose  all  those  small  addi- 
tional facets  which  would  otherwise  modify  their  predominant 
form.  Thus  the  crystaUine  form  acquires  greater  simplicity  when 
it  should  apparently  become  more  compUcated ;  at  the  same  time 
the  substances  which  would  otherwise  have  yielded  simple  crys- 
tals still  contiuiie  to  yield  them,  and  they  do  not  receive'  any 
modiGcation. 
In  a  gelatinous  deposit,  crj^\;aL\*^\^T^^\^  ^<i\5xA'\^  ^^y^« 
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but  almost  always  single,  and  of  a  remarkable  sharpness  and  regu- 
larity of  form,  and  they  do  oot  undergo  any  variations,  but  those 
which  may  result  from  the  chemical  action  of  the  substance  form- 
ingthe  deposit. 

The  variations  that  take  place  in  crystals  formed  in  a  chemical 
mixture ;  tliat  is  to  say,  in  a  solution  of  another  substance,  are 
very  numerous,  even  when  this  substauce  cannot  be  united  with 
them.  The  above-mentioned  phenomena  are  repeated  in  differ- 
ent forms :  common  salt  crystallized  in  a  solution  of  borax 
acquires  truncations  at  the  soUd  angles  of  its  cubes  ;  and  alum 
crystallized  in  muriatic  acid  takes  a  form  which  M.  Beudant  has 
□ever  been  able  to  obtain  in  any  other  manner. 

If  the  foreign  substance  dissolved  in  the  Uquid  can  be  miiled 
in  any  proportion  whatever  with  the  crystal  of  another  substance 
that  IS  formed  in  it ;  and  nevertheless  the  crystal,  by  its  superior 
energy,  determines  the  form  of  the  constituent  molecule,  as  we 
saw  liiBt  year  in  the  case  of  sulphate  of  iron,  the  matter  in  the 
solution  will  exercise  in  its  turn  some  influence  upon  the  second- 
ary form  of  the  crystal,  and  this  influence  usuaJly  consists  in 
simphfying  it,  and  causing  the  additional  facets  to  disappear. 

Thus  30  or  40  per  cent,  of  sulphate  of  copper  may  be  united  to 
the  rhomboidal  crystallization  of  sulphate  oi  iron,  but  it  reduces 
this  sulphate  to  a  pure  rhomboid  without  any  truncation  either  of 
the  angles  or  of  the  edges. 

A  small  portion  of  acetate  of  copper  reduces  sulphate  of  iron 
to  the  same  simple  rhomboidal  form,  notwithstanding  that  this 
form  is  so  disposed  tobecome  complicated  with  additional  surfaces- 
Other  mixtures  simplify  in  a  less  degree  :  thus  the  sulphate  of 
alumine  brings  that  of  iron  to  a  rhomboid  with  the  lateral  angles 
only  truncated,  or  what  M.  Hauy  calls  his  variele  umtaire :  and 
whenever  this  variety  of  green  vitriol  is  found  in  the  market, 
where  it  is  very  common,  we  may  be  sure,  according  to  M. 
Beudant,  that  it  contains  alumine. 

Lastly,  the  different  proportions  between  the  base  and  the 
acid,  or,  in  double  salts,  between  the  two  bases,  produce  very 
sensible  effects  upon  the  secondary  forms,  without  altering  the 
primitive  form  in  the  least.  This  has  been  already  exemplified 
m  respect  to  alum,  and  M.  Beudant  has  verified  it  in  many  other 
salts. 

The  author  of  these  researches  has  made  some  ingenious  appU- 
cations  of  these  facts  to  the  phenomena  afibrded  by  different 
ciystalline  mineral  substances,  upon  which  direct  experiments 
cannot,  in  the  present  state  of  the  science,  be  made ;  and  he  has 
exhibited  some  striking  analogies :  thus  natural  crystals  mixed 
with  foreign  substances  are  in  general  more  simple  than  others, 
as  is  shown  in  a  specimen  of  axioite,  or  violet  schorl,  of  Dauphin^, 
one  extremity  of  which,  being  mixed  with  chlorite,  ii  reduK:e.i\a 
its  priavtive  form;  while  the  other  emJ,  w\a'iV\B. '^M.-,ft,\%  i  * 
by  many  facets  produced  by  different  dect&TnfeuVa. 
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There  ia  found  rather  abundantly  in  a  ravine  of  the  Mount 
d'Or,  in  Auvergue,  fragments  of  a  breccia,  the  hardness  and 
other  external  characters  of  which  having  led  to  the  si^position 
of  its  being  of  a  siliceous  nature,  mineralogists  did  not  pay  much 
attention  to  it,  except  on  account  of  some  particles  of  sulphur 
which  it  sometimes  contains  in  small  cavities » 

M.  Cordier,'  having  submitted  this  breccia  to  difierent  trial&^ 
found  that  it  yielded  by  heat  a  notaUe  proportioa.  of  sulphuric 
,  acid,  and  upon  this  important  indication  he  proceeded  to  make  a 
(complete  analysis  of  it,  by  which  he  found  that  this  stone  con- 
tained about  28  per  cent,  of  silica,  27  of  sulphuric  acid,  31  of 
alumine,  6  of  potash,  and  a  little  water  and  iron.  These  ave  very 
nearly  the  same  ingredients  as  are  found  in  the  celebrated  ore  of 
Tolfa,  which  yields  Roman  alum.  In  reahty,  upon  treating  this 
breccia  from  the  Mont  d'Or,  in  the  same  manner  as  is  practised 
at  Tolfa  ;  that  is  to  say,  by  breaking  it,  roasting,  and  exposing 
it  to  a  moist  air,  from  10  to  20  pejr  cent,  of  very  pure  ahim  was 
obtained  &om  it ;  and  this  breccia  even  yielded  alum  without 
being  roasted,  but  merely  by  exposure  in  a  damp  situation* 

It  is  probable,  from  the  researches  made  upon  tl^e  spot  by 
M.  Ramond,  that,  with  some  pains,  the  beds  from  which  the 
fragments  scattered  in  the  ravines  were  detached,  may  be  disco- 
vered ;  and  that  quarries  may  be  opened,  the  working  of  which 
cannot  but  be  of  advantage. 

M.  Cordier  regards  these  sorts  of  stones  as  a  mineralogical 
species,  consisting  essentially  of  sulphuric  acid,  alumine,  and 
potash.  The  silica  found  in  it  is  not  essential  for  quarries  of  a 
stone  not  containing  any  silica,  but  all  the  other  constituent 
principles  exist  at  Montrone,  in  Tuscany,  and  yield  the  same 
products  as  that  at  Tolfa.  Those  varieties  of  this  species  in 
which  silica  enters,  are  easily  distinguished  by  the  jelly  they  fonn 
when  they  are  treated  in  succession  with  caustic  potash  and 
hydrocliloric  acid  diluted  with  water. 

M.  Cordier  reduces  to  this  species  several  volca:nic  stones, 
hitherto  vaguely  designated  by  geologists  by  the  general  deno- 
mination of  altered  lava. 

Some  country  people  in  the  department  of  the  Lot,  allured  by  the 
hope  of  finding  pretended  treasures,  which  are  said  to  have  been 
formerly  buried  by  the  Enghsh  in  certain  caves  in  the  neighbour- 
hood of  Breugue,  have  penetrated  into  these  cavities,  and  having 
dug  into  and  enlarged  some  crevices  which  they  found  at  the 
bottom  of  them,  they  have  discovered  a  deposition  of  bones, 
some  of  which  belong  to  horses,  others  to  that  species  of  rhino- 
ceros, of  which  so  large  a  quantity  oi'  fossil  bones  have  been 
found  in  Siberia,  Germany,  and  England  ;  others  again  to  a 
species  of  cervus  not  at  present  known  to  exist,  and  the  horns  of 
which  have  some  slight  analogy  with  those  of  a  young  rein-deer. 

Guettard  found  a  great  ivuvabviT  oi*  lUese  horns  in  the  neigh- 
bourhood of  Etampe. 
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These  important  witnesses  of  (he  revolutions  of  our  conliDent 
have  been  collected  by  M.  Delpont,  Pvocureur  du  Roi  at  Fiffeac, 
and  presented  to  the  Acadetay  by  M.  Cuvier.  They  are  depo- 
sited in  the  King's  cabinet. 

M.  PaliBSot  de  Beauvoia  has  acquainted  the  Academy  with  a 
rather  singular  geological  appearance,  which  he  observed  in  the 
county  of  Rowan,  in  Nortli  Carolina.  There  is  found  in  the 
middle  of  a  hill  formed  of  very  fine  sand  mixed  witli  smalt  quartz- 
ose  stones,  and  witli  nmnerous  pieces  of  silver-coloured  mica,  a 
vein  of  stones  so  regularly  placed  that  the  inhabitants  who,  for  a 
long  time,  have  noticed  the  appearance,  give  it  the  name  of  the 
natural  wall ;  and  some  naturaliata  have  even  maintained  that  it 
was  a  true  wall,  which  might  have  been  constructed  in  very 
remote  ages  by  some  people  now  unknown.  The  stones  have 
generally  four  faces,  are  narrower  at  one  of  their  ends,  and  have 
a  small  notch  .below  their  top.  They  are  ranged  horizontally. 
The  kind  of  wall  which  the^  form  is  about  18  inches  thick,  its 
height  in  the  place  where  it  is  uncovered  is  from  six  to  nine  feet, 
but  upon  digging  into  the  ground,  it  has  been  followed  to  1 2  and 
18  feet  deep,  and  it  is  already  known  to  extend  30{)  feet,  and 
even  more,  in  length.  A  kind  of  argillaceous  cement  fills  the 
intervals  bet>veen  the  stones,  and  coats  them  externally ;  each  of 
the  stones  is  also  covered  with  a  layer  of  ochreous  sandy  earth. 

M.  de  Beauvois  has  brought  some  of  these  atones  to  France, 
and  upon  being  examined  by  the  mineralogists  of  the  Ac^ 
demy,  they  appeared  to  possess  the  characters  of  basalts  ;  but  as 
there  has  not  as  yet  been  found  any  traces  of  basalts  or  of  volca- 
noes in  the  United  States,  and  as  the  place  where  this  wall  is 
found  is,  generally  speaking,  of  a  primitive  nature,  it  is  possible 
that  this  pretended  wall  is  nothing  but  a  bed  of  trap ;  an  amphi- 
boUc  rock  very  similar  to  certain  kinds  of  basalts. 

"We  spoke  in  1816  of  the  labours  undertaken  by  M.  Moreau 
de  Jonnes  to  determine  tlie  geology  of  the  Caribbee  Islands,  of 
the  general  ideas  he  had  adopted  on  this  subject,  and  of  the 
particular  deHcription  relative  to  Martinique  and  Guadaloupe, 
that  he  had  presented  to  the  Academy.  He  has  continued  the 
arrangement  of  his  labours,  and  has  read  a  paper  upon  the  Vao- 
clan,  one  of  the  most  remarkable  mountains  in  Martinique,  not 
thftt  it  is  the  highest,  but  because  it  serves  as  a  guide,  and 
announces  this  island  to  navigators.  It  has  not  the  form  of  a 
cgne,  hoUowed  at  its  top,  but  that  ofa  prism  resting  onits  side,  or 
of  an  immense  basaltic  ridge ;  and  M.  de  Jonnes  considers  it  as 
part  of  the  circuit  and  of  3ie  edge  of  a  veiy  large  crater,  the 
whole  of  which  he  thinks  he  has  traced.  The  bottom  of  thi^ 
crater  is  at  present  a  valley  not  only  fertile,  but^vell  cultivated. 

The  same  author  has  given  a  geological  description  of  Guada* 
loupe.     He  finds  that  the  western  island,  in  which  theta  ^-sisS*^ 
aoltatara  in  an  active  state,  and  the  surface  o^  "«\ivd^\\'a  ^qvA,?T\ 
square  leagues,  owes  its  origin  to  eruipt\ons  ^lovo.  So\k \w^fc  ■»^- 
iiiitrine  ro/caiioes,  luui  that  the  eastevu  W\»\A,  towxmo-*^'^  '^■j&s^ 
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Grande  Ferre,  is  formed  of  a  volcanic  basis,  covered  with  a  thick 
bed  of  shell  limestone.  At  Martinique,  the  eastern  quarters  are 
also  covered  with  beds  of  marine  limestone,  either  shelly  or 
coralline. 

The  second  part  of  La  Richesse  Mineralle  of  M.  Heron  de 
Viliefusse,  which  was  presented  in  manuscript  to  the  Academy 
in  1816,  has  appeared  this  year  in  print,  with  an  atlas.  Thia 
work  has  Justitied  the  judgment  that  tne  comniiBsion  passed  upon 
it,  and  is  become  the  indispensable  guide  of  all  those  who  are 
employed  in  the  administration  of  mines,  and  in  the  nock& 
belonging  to  them. 

(To  ht  toRtiautd.) 


1 


Article  XIII. 


I.  Siiccifiic  Acid. 

Dr.  John,  of  Berlin,  announces,  that  he  has  obtained  succi 
acid  by  the  following  process : 

Two  pounds  of  bread,  a  pound  and  a  half  of  honey, 
of  the  fruit  of  the  ceratonia  sihqua,  two  pints  of  vinegar,  asmucti 
spirits,  and  28  pints  of  water,  were  treated  in  such  a  way  as  to 
obtain  a  liquid  proper  for  undergoing  the  acetous  fermentation. 
The  vinegar  produced  was  saturated  with  lime,  and  the  acetate 
evaporated  to  dryness.  Twenty-four  ounces  of  this  salt  were 
triturated  with  an  ounce  of  peroxide  of  manganese  ;  the  mixture 
was  pot  into  a  retort,  and  subjected  to  distiUation,  after  having 
been  mixed  with  16  ounces  of  sulphuric  acid  diluted  with  13 
ounces  of  water.  When  no  more  acid  came  over,  the  receiver  was 
changed,  and  the  fire  augmented,  A  sublimate  then  condensed 
in  the  neck  of  the  retort  which  possessed  the  characters  of  sue-, 
cinic  acid.  When  rectified,  it  crystallized  in  white  flexil"'' 
needles,  and  weighed  two  drachms. 

John  repeated  this  process  two  or  three  times,  and  alwu 
obtained  succinic  acid.  The  fruit  of  the  ceratonia  siliqua  dj 
not  yield  any  succinic  acid  when  subjected  to  analysis.  Hence 
he  is  of  opinion,  that  the  succinic  acid  obtained  was  formed  dur- 
ing the  process. 

11.  Animal  Charcoal. 

Dobereiner  has  analyzed  animal  charcoal  by  heating  it  wit 
peroxide  of  copper,  and  infoims  us  that  its  constituents  are 

Carbon 34-2 

Azote 13-.5 


,UC-.i_ 
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This  approaches  very  nearly  to  six  atoms  carbon  and  one 
atom  azote ;  for 

6  atoms  carbon =  4'50 

1  atom  azote =   1-75 

Now  4-5  :  1-75  ::  34-2  :  13-3.  If  we  suppose  this  analysis 
correct,  the  equivalent  number  for  animal  charcoal  will  be  6*25, 
or  some  multiple  of  it. 

We  are  already  acquainted  with  two  other  compounds  of 
carbon  and  azote,  pointed  out  and  analyzed  by  Gay-Lussac. 

1.  Azoturet  of  carbon  composed  of  three  atoms  carbon  and 
one  atom  azote. 

2.  Cyanogen  composed  of  two  atoms  carbon  and  one  atom 
azote. 

Ill,  Antidote  for  Vegetable  Poisons. 
M.  Brapiez  has  ascertained  by  numerous  experiments  that  the 
fmit  of  the  Fewillea  cordifolia  ia  a  powerful  antidote  against 
vegetable  poisons.  This  opinion  has  been  long  maintained  by 
naturalists,  but  I  am  not  aware  that  it  was  ever  before  verified 
by  experiments  made  on  purpose  in  any  part  of  Europe.  M. 
Drapiez  poisoned  dogs  with  the  rhus  toxicodendron,  hemlock, 
and  DUX  vomica.  All  those  that  were  left  to  the  efi'ects  of  the 
poison,  died  ;  but  those  to  whom  the  frait  of  the  fewillea  cordi- 
folia was  administered,  recovered  completely  after  a  short  illness. 
To  see  whether  this  antidote  would  act  in  the  same  way,  when 
applied  externally  to  wounds  into  which  vegetable  poisons  had 
been  introduced,  he  took  two  arrows  which  had  been  dipped  in 
the  juice  of  manchenille,  and  slightly  wounded  with  them  two 
young  cats.     To  the  one  of  these,  he  applied  a  poultice,  com- 

{losed  of  the  fruit  of  the  fewillea  cordifolia,  while  the  other  was 
eft  without  any  application.  The  former  suffered  no  other 
inconvenience,  except  from  the  -wound,  which  speedily  healed  ; 
while  the  other,  in  a  short  time,  fell  into  convulsions  and  died. 

it  would  appear  from  these  experiments,  that  the  opinion 
entertained  of  the  virtues  of  this  frmt  in  the  countries  where  it  is 

E reduced  is  well  founded.  It  would  deserve  in  consequence  to 
e  introduced  into  our  phaimacopoiias  as  an  important  medicine ; 
but  it  is  necessaiy  to  know  that  it  loses  its  virtues,  if  kept  longer 
than  two  years  after  it  has  been  gathered, 

IV.mtraleofSlker. 

M.  Brandenbourg  has  pointed  out  an  economical  metliod  of 
separating  silver  from  copper,  or  of  making  pure  nitrat«  of  silver, 
from  an  alloy  of  silver  and  copper,  which  is  an  object  of  some 
importance  to  practical  chemists.     His  method  is  as  foUows : 

He  dissolves  the  alloy  of  silver  and  copper  in  nitric  acid,  and 
evaporates  the  liquid  to  dryness  in  a  glass  vessel.  The  salt  i& 
then  put  into  an  iron  spoon,  and  exposed  Vn  ^  ■owsi.'tta^a'^^*^ 
keeping  the  salt  in  a  state  of  fusion  UVV  ai\e.W\V\tvci-cv\&-a.N,*^'M 
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It  is  then  poured  upon  an  oiled  slab.  To  deten&in^i  whetbeil^  all 
the  nitrate  of  copper  has  been  converted  into  black  oidde,  atittte 
of  the  salt  is  dissolved  in  water,  and  the  solutipn  is  tested  by 
ammonia.  If  the  liquid,  which  ought  to  have' been  at  first  trans- 
parent and  colourless,  does  not  acquire  the  least  tint  of  blue, 
we  may  conclude  that  it  contains  no  copper.  If  there  be  still 
found  traces  of  copper  in  the  salt,  we  continue  the  fusion  fbr 
some  seconds  longer.  The  salt  by  this  treatment  becomes 
black  from  the  nuxture  of  ^roxide  of  copper  with  the  nitrate  of 
silver.  To  separate  them,  we  have  only  to  digest  the  salt  in  purfe 
water.  The  nitrate  of  silver  is  dissolved,  and  constitutes  a 
transparent  and  colourless  solution,  while  the  peroxide  of  copper 
remams  behind.  We  have  then  only  to  evaporate  the  solution 
to  obtain  the  nitrate  of  silver  in  the  state  of  crystals. 

V.  Gluten  of  Wheat. 

M.  Taddey,  an  Italian  chemist,  has  lately  ascertained  that  the 
gluten  of  wheat  may  be  decomposed  into  two  principles,  which 
he  has  distinmiished  by  the  names,  gliadine  (frotn  yM«,  gluten), 
tod  zimome  (irom  (vfirj,  ferment).  They  are  obtained  in  a  sepa- 
rate state  by  kneading  the  fresh  gluten  in  successive  pottiolis  of 
alcohol,  as  long  as  that  liquid  continues  to  become  milky,  when 
diluted  with  water.  The  alcohol  solutions  being  set  aside  gra- 
dually deposit  a  whitish  matter  consisting  of  small  filaments  of 
gluten,  and  become  perfectly  transparent.  Being  now  left  to 
slow  evaporation,  the  gliadine  remains  behind,  of  the  consistence 
of  honey,  and  mixed  with  a  little  yellow  resinous  matter,  from 
which  it  may  be  freed  by  digestion  in  sulphuric  ether,  in  which 
gliadine  is  not  sensibly  soluble.  The  portion  of  the  gluten  not 
dissolved  by  the  alcohol  is  the  zimome, 

VI.  Properties  of  Gliadine. 

When  dry,  it  has  a  straw-yellow  colour,  slightly  transparent, 
and  in  thin  plates,  brittle,  having  a  slight  smell,  similar  to  that  of 
honeycomb,  £ind,  when  slightly  heated,  giving  out  an  odour 
similar  to  that  of  boiled  apples.  In  the  mouth,  it  becomes  adhe- 
sive, and  has  a  sweetish  and  balsamic  taste.  It  is  pretty  soluble 
in  boihng  alcohol,  which  loses  its  transparence  in  proportion  as 
it  cools,  and  then  retains  only  a  small  quantity  in  solution.  It 
forms  a  kind  of  varnish  in  those  bodies  to  which  it  is  applied. 
It  softens,  but  does  not  dissolve  in  cold  distilled  water.  At  a 
boiling  heat  it  is  converted  into  froth,  and  the  liquid  remains 
shghtly  milky.     It  is  specifically  heavier  than  water. 

The  alcoholic  solution  of  gliadine  becomes  milky,  when  mixed 

with  water,  and  is  precipitated  in  white  flocks  by  the  alkaline 

carbonates.     It  is  scarcely  affected  by  the  mineral  and  vegetable 

acids.     Dry  gliadine  dissolves  in  caustic  alkalies  and  in  acids. 

It  swells  upon  red-hot  ccak,  ^wd  then  contracts  in  the  manner 

i^f  animal  substances.    It  bwcw«.  mt\i  tv.  ^t^xx^  \\n^^  ^•j^xsxr,,  tiud 

•  1 
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leaves  beliind  it  a  liglit,  spongy  charcoal,  difiici^lt  to  incinerate. 
Gliadine,  in  some  respects,  apjn-oaches  the  properties  of  reaina ; 
bufdifffers  from  them  io  being  insoluble  in  sulphuric  ether.  !t 
is  *ery  sensibly  affected  by  the  iofosion  of  niU.galls,  It  is  capable 
or  itself  of  undergoing  a  slow  fermentation,  and  produces  fer- 
mentation in  saccharine  substances. 

Vtl.  Properties  of  Zimome. 

The  gl«t«n,  thus  treated  by  nlooho!,  is  reduced  to  the  third  part 
of  its  former  bulk.  This  diminution  is  owing  not  merely  to  the 
(oss  of  the  gliadine,  but  likewise  to  that  of  water.  The  residuf 
is  zimome,  which  maybe  obtained  pure  by  boiling  it  repeatedly 
in  alcohol,  or  by  digesting  it  in  repeated  portions  of  that  linuiu 
cold,  till  it  no  longel-  gives  out  any  gliadine. 

Ziinome  thus  purified  has  the  form  of  small  globules,  or  consti- 
tutes a  shapeless  mass,  which  is  hard,  tough,  destitute  of  cohe- 
sion, and  of  an  ash-white  colour.  When  washed  in  water,  it 
recovers  part  of  its  viscosity,  and  becomes  quickly  brown  When 
left  in  contact  of  the  air.  It  is  specifically  neavier  than  water. 
Its  mode  of  fermenting  is  no  longer  tJiat  of  gluten  ;  for  when  it 
putrefies,  it  exhales  a  fetid  urinous  odour.  It  dissolves  completely 
m  vinegar  and  in  the  mineral  acids  at  a  boiling  temperature. 
With  caustic  potash  it  combines  and  ibrms  a  kiud  of  soap. 
When  put  into  lime-water,  or  into  the  solutions  of  tlie  alkaline 
carbonates,  it  becomes  harder,  and  assumes  a  new  appearance 
without  dissolving.  When  thrown  upon  red-hot  coals,  it  exhales 
an  odour  similar  to  that  of  burning  hair  or  hoofs,  and  bums  with 
flame. 

Zimome  is  to  be  found  in  various  parts  of  vegetables.  It 
produces  various  kinds  of  fermentation,  according  to  the  nature 
of  the  substance  with  which  it  comes  in  contact. 

Vlir.  Pmsinc  Arid  in  Consiimptiaus. 

Moat  of  our  readers  are  aware  that  M.  Magendie  some  time 
ago  proposed  prussic  acid  as  a  remedy  in  incipient  consumption. 
In  a  disease  of  so  desperate  a  nature,  and  which  has  hitlierto 
balQed  all  the  efforts  of  medical  men,  every  new  proposal  is 
entitled  to  attention.  This  induces  me  to  lay  M.  Magendie's 
to rnmla  .before  my  medical  readers,^ 

He  mixes  one  part  of  pure  pru^c  acid  (or  hydrocyanic  acid) 
prepared  accordnig  to  Gay-Lussac^  method,  with  H'5  jiarts  of 
water  by  weight.  To  this  mixture  he  gives  the  name  of  medi- 
cinal prussic  acid.  Tlie  stale  in  which  this  substance  is  given 
to  patients  will  be  seen  by  the  following  formula : 

^  Medicinal  prussic  acid , .  1    gros,  or      69'00  grs.  troy 

Distilled  water 1    lb.      or  75(>0'UO  grs. 

Pare  sugar l\  o'l.     or    708- 7 j  gis. 

Alix  these  ingredients,  and  lei  t\ie  T«Ll\e.a\.  Va^ti  %.\s>^«  »«i^«! 
/  ui  every  mvminz  and  e — ' —  ...    -.■■• 
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IX.  Camphor. 

The  peculiar  characters  of  camphor  are  well  known  tOi 
chemists.  Its  great  volatility,  its  strong  smell,  its  fusibility 
when  heated,  ita  aolubihty  in  nitric  acid,  and  in  alcohol.  In  somfl 
respects  it  resembles  the  volatile  oils  ;  butthenondecompositionj 
of  It  by  nitric  acid,  except  when  we  employ  a  great  deal  of  acid^  J 
and  assist  the  action  by  heat,  sufficiently  distinguishes  it  from  1 
these  bodies.  It  melts,  when  heated  to  288'',  and  boils  at  ths4 
temperature  of  400°.  M 

I  had  the  curiosity  to  analyze  it  by  passing  it  slowly  throughfl 
red-hot  peroxide  of  copper..  By  this  process  it  was  convert 
into  carbonic  acid  and  water.  The  first  of  these  I  collected  o« 
mercury  and  measured,  while  the  second  was  intercepted  hfm 
means  of  muriate  of  lime,  and  the  quantity  of  it  was  made  known  \ 
by  the  increased  weight  of  the  salt.  One  grain  of  camphor,>J 
when  thus  treated,  yielded  5*837  cubic  inches  of  carbonic  acitL  1 
gas  under  the  mean  temperature  and  pressure,  and  13  gr.  of^l 
water.     Hence  the  constituents  of  camphor  are : 

Carbon  in  carbonic  acid 0-738 

Hydrogen  in  water 0'  144 

Oxygen  (to  make  up  the  deficiency)  .,  0-118 


This  approaches  very  nearly  to 

8^  atoms  carbon  . . . .  =  6-375 


10    atoms  hydrogen  . 
'    atom  oxygen. 


1-260   , 

1-000   . 


1-000 

.  73-91 
.  14-49 

.  11-60 


^^t 


X.  Prussiate  of  Iron. 

The  nature  of  prussiate  of  iron  not  being  hitherto  determined  J 
in  a  satisfactory  manner,  1  made  some  time  ago  the  following 
experiments  on  it,  which  appear  to  me  to  explain  its  composition 
pretty  completely.  A  quantity  of  pemttrate  of  iron  was  preci- 
pitated by  prussiate  of  potash,  and  the  deep  blue  precipitate  waa 
collected  on  a  filter,  well  washed,  and  dried  in  a  temperature  not 
above  150°.  It  is  well  known  that  this  salt  catches  fire  an^ 
bums  with  the  emission  of  a  great  quantity  of  ammonia,  wheu 
exposed  to  a  heat  not  greatly^xceedmg  212*.  It  cannot,  there- 
fore, be  completely  freed  from  water  by  heat ;  but  as  there  is  tl&- 
great  difficulty  in  determining  the  weight  of  tJie  peroside  of 
iron,  and  of  the  ferrochyazic  acid  which  the  powder  contains, 
consider  the  presence  of  a  little  moisture  as  of  no  great  cons^-' 
quence, 

1.  To  determine  the  quantity  of  peroxide  of  iron,  I  digested 
20  gr.  of  the  prussiate  of  iron  in  potash  ley  diluted  with  water 
over  a  sand-bath  for  24  hours.  The  liquid  was  then  drawn  off, 
and  the  red  sediment  carefttWy  wasVei  a."c\4  AtWd,-  It  wcigheil 
"""  gr,  and  was  pure  petox'ide  o^'utm.  _ 


i- 

I 
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2.  Being  thus  acquainted  with  the  weight  of  peroxide  of  iron 
in  20  gr.  of  the  powder,  I  calculated  how  much  ferrochyazic 
acid  was  requisite  to  saturate  this  quantity  of  iron ;  and  how 
much  potash  would  be  just  sufficient  to  decompose  20  ar.  of 
prussiate  of  Iron.  This  quantity  of  potash,  together  with  the 
20  gr.  of  the  prussiate  of  iron  and  a  sufficient  quantity  of  water, 
were  put  into  a  phial,  and  digested  on  the  sand-bath  for  24 
hours.  The  whole  was  then  thrown  on  a  filter,  and  the  peroxide 
of  iron  remaining  on  the  filter  was  washed  quite  clean  with 
distilled  water.  The  liquid  which  passed  through  the  filter  hart 
a  yellow  colour,  and  the  taste  ana  properties  of  a  solution  of 
prussiate  of  potash.  Being  evaporated  to  dryness,  and  exposed 
to  a  heat  of  about  212°,  there  remained  19'3  grs.  of  pure  prus- 
siate of  potash.  Now  19'3  grs.  of  prussiate  of  potash  dried  at 
the  temperature  of  212°  contain  10'2  gr.  of  ferrochyazic  acid. 
This  of  consequence  is  the  quantity  of  ferrochyazic  acid  contained 
in  the  20  gr,  of  prussiate  of'iron  which  I  examined. 

Fromtheprecedingexperiments,  it  follows  that  prussiate  of  iron 
is  composed  of 

Ferrochyazic  acid 10-20   51-0 

Peroxide  of  iron 7-56    37-8 

Water 2-24   U-2 

20-00  100-0 

Now  if  we  consider  (with  Mr.  Porrett)  the  weight  of  an  atom 

offerrochyazic  acid  as  6'75,  and  that  of  an  integrant  particle  of 
peroxide  of  iron  as  5,  in  that  case  prussiate  ot  iron  will  be  a 
compound  of  one  atom  ferrochyazic  -acid  and  one  atom  of  per- 
oxide of  iron.  If  we  were  to  suppose  the  weight  of  an  atom  of 
peroxide  of  iron  to  be  10,  then  in  that  case  the  salt  would  be  a 
compound  of  two  atoms  acid  +  one  atom  peroxide.  But  I  am 
disposed  to  embrace  the  tirst  alternative  in  consequence  of  the 
following  fact  which  is  easily  verified. 

Dissolve  protosulphate  of  iron  in  water,  and  mix  the  solution 
with  some  sulphuretted  hydrogen  gas.  Tlien  drop  into  it  prus- 
siate of  potash.  A  white  powder  is  thrown  down,  which  is  a 
neutral  protoferrochyazate  ijf  iron,  or  a  compound  of  an  atom  of 
ferrochyazic  acid  and  an  atom  of^rotoxide  of  iron.  Expose  this 
salt  while  moist  to  the  air,  audit  is  gradually  convcted  into 
perferrochyazate  of  iron  (or  prussian  blue)  simply  by  the  absorp- 
tion of  oxygen. 

It  is  well  knovra  to  the  manufi^urere  of  prussian  blue  that 
the  pigment  is  at  first  of  a  dirty  pale  blue,  and  that  it  acquires 
its  intense  blue  colour  by  long  and  laborious  washing  in  water. 
The  reason  of  this  is,  that  a  considerable  proportion  of  the  salt 
made  at  first  by  them  is  in  the  state  of  protochyazate  of  iron, and 
it  slowly  becomes  percbyazate  by  absotbra^  ox^^cti.  ^twsv  *^ 
atmosphere.  If  we  empl'oythe  pemitra^je  o^  wcm  X^^.v^-e-^'^'^  "^^ 
.sulphate,  we  form  prussian  blue,  at  on.ce  v'*'^*^*'*^ '^''- '^^2^ 
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eite  beautj^  and  intensity  of  colour.  Manufacturerft  would 
probably  snorten  their  process  considerably  by  dissolving  the 
sulphate  of  iron  in  water  some  months  before  they  use  it,  and 
by  keeping  the  solutions  in  shallow  vessels  exposed  to  the  action 
of  the  atmosphere. 

XL  Rydrotyanate  of  Ammojtia. 

When  prussiate  of  iron  (prussian  blue)  is  exposed  to  a  red 
heat  in  a  copper'  tube,  and  the  products  received  in  glass  jars 
standing  over  mercury,  the.  glass  jar  becomes  coated  with  trans- 
parent crystals,,  haying  the  fl(mell  of  hydrocyanic  acid,  and  readily 
soluble  in  water.  When  4  drop  of  sulphuric  acid  is  let  fall  into 
a  concentirat^d  solution  of  thes^  crystals,  an  effervescence  takes 
place,  aiid  a  strong  smell  of  hydrocyanic  acid  exhales.  When 
some  soda  is  mixed  with  the  aqueoiis  solution  of  these  crystals 
and  heat  applied,  a  strong  smell  of  ammonia  is  perceived. 
Hence  t  consider  the  crystals  as  hydrocyanate  of  ammonia.  The 
effect  produced  by  the  solution  of  these  crystals  upon  different 
metalhne  solutions  was  as  follows.     It.  precipitated 

1.  Permuriate  of  iron.  Yellow. 

2.  Sulphate  of  copper.  White,  with  a  light  shade  of 

blue. 

3.  Nitrate  of  lead,  White,  precipitate  redissolved 

by  nitric  acid. 

4.  Nitrate  of  mercury,  White,  ditto. 

5.  Corrosive  sublimate.  White,  redissolved  by  agitation, 

6.  Sulphate  of  zinc,  White,  slight. 

7.  Mmiate  of  manganese.  Ditto,  ditto. 

8.  Nitrate  of  silver,  White,  redissolved  by  agitation, 

9.  Sulphate  of  nickel,  Greenish,  slight. 

10.  Sulphate  of  cobalt.  Reddish,  ditto. 

These  precipitates  do  not  correspond  with  those  indicated  by 
Scheele  ;  but  he  made  use  of  hydrocyanic  acid ;  not  hydrocya- 
nate of  ammonia,  which  is  probably  the  cause  of  the  difference. 

XII.  Kilkenny/  CoaU 

In  the  paper  which  I  published  last  summer  on  the  different 
species  of  pit-coal,  I  Was  obliged  to  leave  out  Kilkenny  coal  for 
want  of  the  requisite  specimeii.  ihave  been  lately  enabled,  by 
the  kindness  of  a  friend,  to  >inake  up  that  deficiency.  I  shall 
state  here  the  result  of  my  trials  to  determine  the  composition  of 
this  species  of  coal. 

Its  specific  gravity  was  1-4354. 

One  hundred, grams  of  it,  when  burned  completely  in  a  muffle, 
left  four  grains  of  a  reddish-brown  light  earth,  not  in  the  least 
acted  on  bv  acids. 

One  hundred  grains,  when  heated  for  several  hours  in  a 
covered  platinum  crucible  left  86*7  grs.  of  coal  not  in  the  least 
altered  in  its  appearance.  Heivce  \\\^\o^'s»  cil  v^^\'^\\.  ^^s  Ijroba- 
bly  owing  not  to  the  dissi^^lioi?!  o^  ^3^3  no\^\j\^  \:i^a.\Xfc\  ^\^\s!v'Csn!^ 
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coal,  but  to  the  combustion  of  jmrt  of  it  from  the  long  contmned 
action  of  tlie  heat,  as  ths  crucible,  though  covered  with  a  Ud, 
was  not  impervious  to  air. 

One  grain  of  this  coal,  when  mixed  with  pemxide  of  copper, 
and  exposed  to  a  strong  red  huat,  formed  7-06  cubic  inches  of 
carbonic  acid  gas;  and  no  water  whatever  nor  azotic  gas  was 
evolved.  Now  seven  cubic  inches  of  carbonic  acid  gas  contaiu 
0'tJ93  gr.  of  carbon.     Hence  the  gtaiu  of  coal  con^dsted  of 

Carbon 0-803 

Ashes 0-040 

Deficiency 0-067  which  must  have  been  oxygen. 

Now  0-893  gr.  carbon  and  0-067  gf.  oxygen,  when  converted 
into  volumes,  are  very  nearly 

7     cubic  inches  carbon, 
0-2  cubic  inch  oxygen. 
Wliich  is  equivalent  to 

35  atoms  carbon =  26'25 

Z  atoms  oxygen =     2-00 

28-25 
So  that  Kilkenny  coal  differs  essentially  in  ita  compo&ition  from 

every  other  species  hitherto  examined. 

XIII,  Geographical  Positions  on  the  Co^xt  of  Dalmatla  determined 

by  Capt.  G.  a.  Umi/th. 


Lonj;.  E.  Fen 


!  Corfu  Fort  Alexandre  snr  Vido . .  39' 

-  Cape  Bianco  (Corfu) 39 

-  Cape  Drasti  (Corfu) 39 

-  Merieru  (isle) :39 

-  Fauo  (west  point) j39 

-  Port  Palermo  (the  castle) 40 

-  Strada  Bianca [40 

-  Valde  Oi-sa !40 

:  Saseno  (isle,  on  the  hill) 140 

-  Aulona  (Douanue) J40 

-  Pointe  t-amp-na  (centre) ... .  .|40 

-  Cape  Lacbi  (tower) 141 

-  Durazzo  (the  highest  marabut)  .  ,141 

-  Cape  Pali l41 

-  CapeRodoni !41 

-  St.  Jouan  di  Medua |4l 

-  Duleigno  (Marabut) 

-  Ami vari  (Point) 

:  Budiia  (St.  Nicolas) 

-  ]*oint  d'Ostro  de  Cut.tarn  , .  , 

-  S.  Marco  (isle,  the  fort)  Ra!iiiaa.\-V2 


20  fiO 
47  10 
52  50 


19  12 

29  10 

27  15 

48  55 

10  10 

17  32 


37°  36'  23" 

37  46  35 

37  21  45 

37  14  55 

36  69  35 

37  27  55 
37  17 

0 


.37 
37  35  ,. 

48  20  37 
53  50 


15 

23  30 


15 
20 


36  53  57 

37  6  5 

36  57  22 

37  5  5 

6  20 
3  69 

7  55 
_.  8.  45 
36  50  25 


2  17  36  46  10 


36  30  32 
SQ  \ft  'iti 
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Article  XIV. 

Astronomical,  Mapietical,  and  Meteorolp^cal  Observations. 

By  Col.  Beaufoy,  F.R.S. 

Bushey  Heath,,  near  Stanmore. 

LitUude  510  ST  44'87"  Nort||.    Lonsitnde  West  in  time  1 '  80-98''. 


Astronomical  Observation. 

March  89,  Lnnar  eclipse.  |  Eod'of  SipS!'!?!?.'  8^  C  9"  Me»n  Tiioe  at  Busbej. 


Magnetical  Observations,   1820.  — 

Variation 

West. 

Morning  Obser?. 

Noon  Observ, 

1 

£Tening  Obsery.  * 

Month. 

JJoar. 

Variation. 
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33  34 
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24  29  34 
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24  40 
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36  34 

29 

8  40 

24  28  26 

15 

24  39 

57 

6 

15 

24 

35  13 

30 

8  35 

24  28  26 

20 

24  39 

47 

6 

15 

24 

33  33 

31 

8  35 

24  30  24 

35 

24  39 

39 

6 

15 

24 

32  55 

Mean  for 
Month. 

J8  37 

24  30  47 

I 

25 

24  39 

33 

6 

13 

24 

33  45 

March  1st,  the  needles  were  unsteady;  during  the  night  of  the 
2d,  there  was  a  violent  storm  of  wind  fromN.W.  accompanied 
with  snow. 
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Rain,  by  tie  pluriametei-  between  noon  the  lat  of  March, 
vxA  noon  the  1st  oF  April  0246  inch.  The  quantity  that  fell 
on  the  roof  of  my  observatory,  iluriug  the  same  penod,  0-263 
inch.  Evaporation,  between  noon  the  Ut  of  March,  and  noon 
the  let  of  April,  4'17  inches. 
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REMARKS. 


Third  Jfotilil.— 1.  Cloudy :  a  strong  gale  of  wind  daring  the  night*  2.  Hig;h 
wind  continues :  some  snow  al>out  seven,  a.m. :  very  stormy  nights  much  damage 
was  done  on  this  and  the  preceding  night  Co  buildings  and  garden  walls  in  tbis 
neigbbourliood.  3.  The  wind  still  very  high  from  NW,  though  a  fine  clear  morn- 
ing. 4.  Fine  morning:  Cirrus,  5.  Fine.  6.  Some  snow  in  the  morning. 
7.  Snow  in  the  night.  8—10.  Fine.  11,  12.  Hoar-frost.  13.  Cloudy:  fine. 
14 — 17.  Oyerctut.  17.  Thick  fog.  18—20.  Cloudy.  21.  Lunar  halo  and 
corona  at  nig|lit»  followed  by  wind  and  rain.  22,  Cloudy  and  fine.  23.  Windy. 
24,  25.  Clqudy.  26.  Hoar-frost:  showery.  27.  Cloudy;  light  showers. 
89.  Fine:  the  lunar  eclipse  very  well  seen:  a  Stratus  at  sight  afterwards. 
30.  Fine:  Cirroeumulust  Ctmu,    31.  Hoar-frost:  fine. 


RESULTS. 

Winds:  NE»6|  N,4s  NW,8;  W,2;  SW,5;  S,  1 ;  SE,3;   Vlir.  2. 

Barometer :  Mean  height 

For  the  month ^ 29*971  inches. 

For  the  lunar  period,  ending  the  fitb 30-022 

For  14  days,  ending  the  Ist  (moon  north) 29*911 

For  13  days,  ending  the  Uth  (moon  south) 30*012 

For  J4  days,  ending  the  28th  (moon  north) 29*961 

Thermometer:  Mean  height 

Forthemojith 41-387<> 

For  the  lunar  pemod,  ending  as  above 35*362 

For  30  days,  the  sun  in  Pisces 37*166 

Hygrometer :    Mean  for  the  month , .. .  78 

Evaporation , ^...    2*02  intli. 

Rain.... 0*37 

*•*  The  mean  temperature  of  this  month  at  Tottenham  (two  days  being  supplied 
from  the  above  observations)  was  41*42°.  The  rain  there  was  0*53 :  the  mean  of 
the  hygrometer^  64<^.  The  general  atmosphere  of  the  district,  I  suspect,  was,  in 
point  of  humidity,  between  the  two :  the  instruments  and  their  exposures  differ  too 
much  to  be  fairly  comparable. 
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PHILOSOPHY. 


JUNE>    1820. 


On  the  Bleaching  Powder,  umaliu  called  Oxymuriate  of  Lime. 
By  Thomas  Thomson,  M.D,  F.R.S. 

IN  a  preceding  number  of  the  Annals  of  Philosophy,  vol.  xiii. 
p.  182,  I  stated  very  briefly  the  result  of  a  set  of  experimenta 
which  I  had  made  on  Mr.  Tennant'a  bleaching  powder.  In  these 
experiments  I  employed  nitrate  of  silver  to  determine  the  quan- 
tity of  chlorine  contained  in  the  soluble  part  of  the  salt ;  but  this 
method  is  not  capable  of  detectine  the  whole  of  the  chlorine,  at 
least  without  precautions  which  Inegtected.  This  was  shown 
in  a  satisfactory  manner  by  M.  Gay-Lussac  in  the  observations 
with  which  he  favoured  me  on  my  mode  of  analysis  (Ann.  de 
Chim.  et  de  Phys.  x.  425,  and  xi.  108).  When  nitrate  of  silver 
is  dropped  into  a  solution  of  chloride  of  time,  the  nitric  acid 
unites  with  the  lime,  wliile  the  chlorine  and  the  silver  are  preci- 
pitated in  the  state  of  chloride  of  silver.  But  the  silver  existed 
in  the  nitrate  in  the  state  of  an  oxide,  while  in  the  chloride  of 
silver  it  is  in  the  metallic  state.  What  then  has  become  of  the 
oxygen  of  the  oxide  of  silver?  If  after  dropping  nitrate  of  silver 
into  the  solution  of  chloride  of  lime  till  no  farther  precipitation 
take  place,  we  pour  off  the  supernatant  hquid,  and  decompose  it 
by  the  application  of  a  moderate  heat,  oxygen  gas  is  disengaged, 
and  if  the  residual  matter  be  dissolved  in  water  acidulated  with 
nitric  acid,  we  shall  find  that  a  portion  of  chloride  of  silver 
remains  behind.  From  this  experiment,  for  which  I  am  indebted 
to  Gay-Lussac,  it  is  obvious  that  nitrate  of  silver  does  not^t^-a-- 
pitate  all  the  chlorine.  We  see  likewiBe  t\vt  ■ce^isotvQS.*0&\'a,  ■«i^ 
Vol.  XV.  N"  VI.  2;  C 
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Vie  see  dlso  vrhat  has  become  of  the  oxygen  of  the  oxide  of 
silver.  One  portion  of  the  silver  is  reduced  to  the  metaUic  state^ 
and  precipitates  in  combination  ^ith  the  chlorine ;  while  another 
portion 'remaining  in  the  state  of  oxide  unites  with  chloric 
acidy  into  which  a  portion  of  the  chlorine  has  been  changed;  and 
the  chlorate  of  silver  thus  formed  remains  in  solution  in  the 
hquid.  It  is  easy  to  see  how  much  of  the  chlorine  is  precipi- 
tated in  this  case,  and  how  much  of  it  is  converted  into  chloric 
acid.  Five-sixths  of  the  silver  must  be  reduced  to  the  metallic 
state^  and  unite  with  chlorine  ;  the  remaining  sixth  will  continue 
in  the  state  of  oxide^  and  will  unite  with  one-sixth  of  the  chlo- 
rine, which  has  been  converted  into  chloric  acid  by  uniting  with 
five  atoms  of  oxygen  given  out  by  the  reduced  silver.  1  hus  it 
appears  that  when  chloride  of  Ume  is  analyzed  by  means  of 
mtrate  of  silver,  one-sixth  of  the  chlorine  is  converted  into  chlo- 
ric acid,  and  escapes  detection. 

I  have,  therefore,  had  recourse  to  the  following  method  of 
analyzing  chloride  of  lime,  which  I  consider  as  accurate,  and  as 
attended  with  fully  as  Uttle  diflSculty  as.  the  method  which  I 
employed  formerly.  My  experiments  were  made  upon  a  very 
large  scale ;  but  it  is  obvious  that  the  scale  might  be  very  much 
diminished,  without  injuring  the  accuracy  of  the  results. 

2714  grains  of  bleaching  powder  recently  prepared,  but  very 
moist,  were  put  into  a  retort,  the  weight  of  which  had  been  pre- 
viously ascertained,  and  marked  upon  the  glass  with  a  diamond. 
To  the  beak  of  the  retort  was  luted  a  bent  tube  to  convey  any 
gaseous  products  into  glass  jars  standing  upon  the  shelf  of  the 
water  trough.  The  retort  was  put  into  the  sandpot  of  a  furnace, 
and  was  gradually  heated  nearly  to  redness,  and  kept  at  that 
temperature  till  all  the  gaseous  products  ceased  to  come  over. 
Dunng  this  process,  which  lasted  about  four  hours,  there  were 
extricated  the  following  gases  : 

Oxygen  gas 333*48  cubic  inches. 

Azotic  gas 20-33 

corrected  to  the  mean  pressure  and  temperature. 

Grains. 

Now  333*48  cubic  inches  of  oxygen  gas  weigh  113-00  * 
20-33  cubic  inches  of  azotic  gas  weigh..       6-02 

Total  weight 119-02 

The  lost  of  weight  sustained  by  the  bleaqhing  powder  amounted 
to  876  ffrs. ;  consequently  the  water  driven  pff  from  the  powder 
by  the  aistillation  amounted  to  755-98  grs. 

I  presume  that  the  reader  is  aware  that  it  is  already  .known 
that  the  bleaching  powder  is  a  combination  of  chlorine  arid  hme, 
or  a  chloride  of  hme.  I  suppose  him  aware  also  that  when  lime 
is  heated  to^redness,  and  a  current  of  chlorine  passed  through  it, 
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the  lime  is  decomposed,  giving  Out  its  oxj'gen ;  while  the  chlo- 
rine uniting  to  tbe  calcium  constitutes  chloride  of  calcium.  I 
suppose  him  aware  likewise  that  an  atom  of  oxygen  is  equivalent 
to  half  a  volume,  and  an  atom  of  chloriue  to  a  whole  volume. 
Hence  in  the  above  process,  for  every  volume  of  chlorine  that 
unites  to  the  calcium,  half  a  volume  of  oxygen  gas  is  disengaged. 
We  can,  therefore,  easily  determine  how  much  chlorine  exists  in 
chloride  of  calcium,  provided  we  know  the  quantity  of  oxygen 
gas  disengaged  from  the  lime  during  the  formation  of  chloride  of 
calcium  ■  ibr  the  bulk  of  the  chlorine  will  be  just  double  that  of 
the  o.Yygen  gas, 

Mow  when  chloride  of  lime  is  exposed  to  heat,  tlie  lime  is 
decomposed,  in  consequence  of  the  superior  affinity  of  the  chlo- 
rine for  calcium  at  a  high  temperature.  The  lime  gives  out  its 
oxygen,  and  the  chloride  of  lime  is  converted  into  chloride  of 
caJcmm.  This  is  what  happened  in  the  preceding  experiment. 
It  is  obvious,  therefore,  that  m  order  to  determine  the  volume  of 
chlorine  contained  in  the  2714  grs.  of  bleaching  powder,  we  have 
only  to  double  the  volume  of  oxygen  gas  disengaged.  We  have 
seen  that  the  oxygen  amounted  to  333'48  cubic  inches ;  there- 
fore, the  chlorine  must  have  amounted  to  666'96  cubic  inches ; 
but  tbe  speciBc  gravity  of  chlorine  gas  is  2'500,  and  100  cubic 
inches  of  it  under  the  mean  temperature  and  pressure  weigh 
76'25  grs.  Of  consequence,  666-96  cubic  inches  of  chlorine  gas 
are  equivalent  to  508-557  grs. 

Having  thus  determined  the  quantity  of  water  and  of  chlorine 
which  the  bleaching  powder  contained,  it  still  remained  neces- 
sary to  ascertain  whether  any  muriatic  acid  was  present  in  it. 
For  this  purpose  I  digested  the  matter  which  remained  in  the 
retort  in  repeated  portions  of  distilled  water  till  all  the  muriate  of 
lime  (chloride  of  calcium)  in  it  was  dissolved ;  but  as  there  was 
obviously  an  excess  of  lime  in  the  bleaching  powder,  part  of 
which  would  be  dissolved  by  the  water  along  with  the  muriate  of 
lime,  I  caused  a  current  of  carbonir.  acid  gas  to  pass  through  it 
till  the  lime  was  all  Sfparated  in  the  state  of  carbonate.  Tbe 
liquid  was  then  freed  from  this  carbonate  by  the  filter.  The 
hquid  which  passed  through  the  filter  was  a  solution  of  muriate 
of  lime  in  water.  It  weighed  34,343'75  grs.  and  its  specific 
gravity  was  1-026:  100  grs.  of  it,  being  evaporated  to  dryness, 
left  3'4  grs.  of  chloride  of  calcium  dried  in  the  temperature  of 
510";  therefore  the  quantity  contained  in  the  whole  liquid 
amounted  to  1167-6876  grs. 

Now  when  this  chloride  of  calcium  is  dissolved  in  water,  it  is 
converted  inio  muriate  of  lime;  and  I167'ti875  grs.  of  chloride 
of  calcium  is  equivalent  to  135'2-0o92  grs.  of  muriate  of  lime. 
Now  muriate  of  hme  is  a  compound  of  one  atom  muriatic  acid 
(4-625)  +  one  atom  Hme  (3-623);  therefore,  1362  059a  grs.  of 
muriate  of  bme  contain  767-073  grs.  of  muriatic  acid,  aad 
694-0862  grs.  of  lime, 
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We  have  eeen  that  the  chlorine  contained  in  the  bleaching  salt 
weighed  608*667  grs.  Now  if  we  suppose  this  chlorine  to  be 
converted  into  muriatic  acid,  it  would  increase  in  the  proportion 
of  4*6  :  4'625  ;  so  that  it  would  become  622*684  grs.  Thus  the 
muriatic  acid  which  was  extracted  from  the  bleaching  powder 
exceeds  that  which  would  have  been  formed  by  the  conversion 
of  the  chlorine  into  muriatic  acid  by  (757-973  -  522-684  =) 
236-289  grs.  This  quantity  must  have  existed  in  the  bleaching 
powder  in  the  state  of  muriatic  acid,  and  it  must  have  been  in 
combination  with  lime.  Now  236*289  grs.  of  muriatic  acid 
require  for  saturation  184*4  grs.  of  lime ;  consequently  the 
bleaching  powder  contained  419'689  grs.  of  muriate  of  lima, 
equivalent  to  362*46  grs.  of  chloride  of  calcium. 

It  was  first  demonstrated  by  Mr.  Dalton,  and  has  since  been 
amply  confirmed  by  my  own  experiments,  cuid  by  those  of  other 
chemists,  that  bleaching  powder  (supposing  it  pure)  is  a  com- 
pound of  one  atom  chlorine  +  two  atoms  lime.  Now  the  chlo- 
rine contained  in  the  bleaching  powder  weighed  608-657  grs. 
and  it  was  combined  with  (694-0862  -  184*4)  x  2  =  819*3724 
grs.  of  lime.  This  agrees  very  nearly  with  the  theoretical  num- 
ber, which  is  818*4538. 

From  the  preceding  analysis,  it  appears  that  the  2714  grs.  of 
bleaching  powder,  subjected  to  analysis,  contained  the  following 
ingredients : 

Subbichloride  of  lime 1327*9294 

,      Water. 766*9800 

Muriate  of  Ume 419*6890 

2603*6984 
Loss , 210*4016 

Total 2714*0000 

This  loss  was  found  among  the  residue  which  remained  on  the 
filter  when  the  liquid  containing  the  muriate  of  lime  was  sepa- 
rated from  the  undissolved  portion.  This  undissolved  portion 
weighed  697*6  grs.  It  contamed,  however,  half  the  lime  that 
had  been  united  to  the  chlorine,  and  which  we  have  seen  above 
amounted  to  409-6862  grs. ;  so  that  tliere  appears  to  be  a  surplus 
amounting  to  77-6122  grs. :  but  this  was  owing  to  the  lime 
having  absorbed  carbonic  acid  while  drying  in  the  open  air. 
'  Accordingly  100  grains  of  this  residue  being  dissolved  in  ni:jric 
acid  lost  11-5  grs.  in  weight,  so  that  the  whole  would  have  lost 
80-224  grs.  which  comes  within  2i  grs.  of  the  surplus. 

On  analyzing  this  white  powder  on  the  filter,  I  found  it  to  be 
a  mixture  of  quicklime,  carbonate  of  lime,  and  a  little  clayey 
matter,  with  wnich  the  lime  no  doubt  had  been  contaminated. 
If  we  reduce  the  substances  found  by  the  preceding  analysis  to 
JOO  parts,  we  shall  obtain  the  composition  of  our  bleaching 
powder  as  follows : 
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ISubbichloTide  ol'lime 48*93  H 

Muriate  of  lime 15*46  ^| 

Water. 27-86  ■ 

Uncombiaed  lime  and  impurity 7*75  ^| 

100-00  I 

The  most  8urprising  thing  connected  with  thia  analysis  is  the 
very  great  proportion  of  water  which  the  bleaching  powder 
contained,  amounting  to  27'86  per  cent.  I  do  not  beUeve  that 
the  whole  of  this  quantity  could  have  been  present  in  it  when  it 
was  originally  prepared.  The  45'7  grs.  of  lime  which  100  gra. 
of  the  bleaching  powder  contained,  supposing  it  in  the  state  of 
slacked  lime,  or  hydrate  of  lime,  when  originally  employed,  aa  it 
undoubtedly  was,  would  have  contained  only  10  grs.  of  water,  or 
little  more  than  one-third  of  the  quantity  of  water  really  present 
in  the  powder.  I  am  disposed  to  ascribe  this  surplus  of  water 
to  some  accidental  exposure  of  the  bleaching  powder  to  mois- 
ture,  during  a  voyage  from  Belfast,  where  it  was  manufactured, 
to  Glasgow,  where  I  analyzed  it. 

The  reader  would  observe,  that  besides  the  oxygen  gas,  I 
obtained,  during  the  exposure  of  the  bleaching  powder  to  heat, 
2O4-  cubic  inches  of  azotic  gas,  or  six  grains.  That  the  reader 
may  understand  the  way  in  which  this  azotic  gas  came  to  be 
mixed  with  the  oxygen  gas,  and  the  correction  which  must  be 
introduced  into  the  analysis  in  consequence,  it  will  be  necessary 
to  explain  how  the  volame  of  oxygen  gas  and  of  azotic  gas  was 
determined.  After  the  process  was  at  an  end,  the  volume  of  gas 
extricated  was  easily  determined,  as  it  had  been  received  into 
glass  jars  graduated  to  cubic  inches.  1  merely  reduced  the 
volume  thus  found  to  what  it  would  have  been  had  the  thermo- 
meter stood  at  60°,  and  the  barometer  at  30  inches.  To  deter- 
mine the  volume  of  common  air  which  was  mixed  with  the 
oxygen  gas  thus  evolved,  the  method  which  1  took  was  this : 
After  the  whole  apparatus  was  cold,  and  the  retort  with  its 
contents  weighed,  in  order  to  know  the  loss  of  weight  which  the 
bleaching  powder  had  sustained,  I  replaced  the  retort  in  the 
f^andpot,  and  raised  the  fire  to  the  same  intensity  as  it  had  been 
at  during  the  experiment,  and  1  kept  it  in  this  state  as  long  as 
any  common  air  conticmed  to  be  driven  into  a  graduated  ^ass 
jar  standing  over  the  water  trough  on  purpose  to  receive  it.  The 
volume  of  air  thus  driven  out  of  the  retort  amounted,  estimated 
at  the  mean  temperature  and  pressure,  to  274-  cubic  inches.  This 
quantity  of  consequence  was  deducted  from  the  volume  of  gas 
obtained ;  because  it  is  obvious  that  this  volume  of  common  air 
must  have  been  driven  out  of  the  retort  by  the  heat,  and  that  it 
must  have  mixed  itself  with  the  oxygen  gas  in  the  jar.  Now 
27f  cubic  inches  of  common  air  are  composed  of 
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Oxygen.  •  • •  •  • . .    5*77&  cubic  inches. 

Azote 21-725 


27-600 


The  next  step  was  to  determine  the  purity  of  the  oxysen  gas 
obtained  from  ine  bleaching  powder.  This  was  easily  done  by 
mixing  a  measured  quantity  of  it  with  hydrogen  gas,  burning  the 
ipixture  by  means  of  an  electric  spark,  and  noting  the  diminution 
of  bulk.  One-third  of  this  diminution  denotes*  the  volume  of 
oxygen  giets  present  in  the  mixture  before  the  combustion.  By 
this  meuod,  I  ascertained  the  proportions  of  oxygen  and  azote 
that  existed  in  my  gas.  I  may  state  the  results.  The  gas  was 
Teceived  in  three  jars  of  unequal  sizes.  The  ga^  in  these  three 
jars  was  composed  as  follows  : 

First  jar 884.  oxygen  +  ISf  azote. 

Second  jar  ...•  91*6  +     8-4 

Thirdjar 934-  +     6|. 

Knowing  the  volume  of  gas  in  each  jar,  it  was  easy  to  deter- 
mine the  smsolute  quantity  of  azotic  gas  present.  It  amounted 
to  42*05  cubic  inches.  Deducting  the  21*725  cubic  inches 
which  existed  in  the  common  air  of  the  retort  driven  off  by  heat, 
there  remained  a  surplus  of  20*33  cubic  inches  of  azote. 

A  very  simple  consideration  of  the  phenomena  of  the  process 
will  enable  us  to  account  for  this  surplus  of  azotic  gas.  The 
extrication  of  the  oxygen  gas  from  the  bleaching  powder  lasted 
four  hours,     it  was  accompanied  by  the  extrication  of  755*98 

trains  of  water,  which  came  off  chiefly,  if  not  entirely,  during  the 
rst  hour,  and  it  was  totally  converted  into  steam.  Now  755-98 
grains  of  water  are  very  nearly  2*98  cubic  inches ;  and  when 
water  is  converted  into  steam,  its  bulk  increases  about  1700 
times  ;  so  that  the  bulk  of  the  steam  from  this  quantity  of  water 
would  be  5066  cubic  inches.  All  this  quantity  would  pass 
successively  through  the  retort :  the  consequence  would  be  that 
a  much  greater  proportion  of  the  common  air  of  the  retort  would 
pass  into  the  receiver  than  would  have  been  driven  out  by  the 
simple  expansion  caused  by  the  heat ;  this  air  in  the  retort 
being  replaced  by  the  steam ;  but  after  the  steam  ceased  to  form, 
it  would  be  driven  out  of  the  retort  in  its  turn  by  the  oxygen  gas 
that  still  continued  to  be  evolved  \  so  that  ultimately  the  retort 
would  contain  only  pure  oxygen  gas  exp^ded  to  the  degree 
produced  by  the  heat  to  whicn  the*  retort  was  exposed.  That 
this  was  really  the  case  was  obvious  from  this  circumstance. 
After  the  retort  was  allowed  to  cool,  it  was  found  perfectly  dry ; 
of  consequence,  all  the  steam  had  been  driven  out  of  it.  Ine 
surplus  of  azote  then  found  in  the  gas  had  been  driven  out  of  the 
retort  by  the  steam,  and  its  place  in  the  retort  had  been  ultir 
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mately  supplied  by  a  quantity  of  oxygen  gas  exactly  equal  to  it 
in  volume ;  consequently  we  ought  to  nave  increasecfthe  produce 
of  oxygen  gas  by  20'33  cubic  inches  of  oxygen  gas.  This  indi- 
cates an  additional  quantity  of  chlorine  in  the  bleaching  powder 
equivalent  to  40-66  cubic  inches,  or  31  grs.  Now  31  era.  of 
chlorine,  in  order  to  be  converted  into  subbichloride  of  lime, 
must  unite  with  60  gra.  of  Hme.  We  must,  therefore,  add  81 
grains  to  the  quantity  of  subbichloride  of  lime  which  we  found 
in  the  bleaching  powder,  and  subtract  50  grains  from  the  quan- 
tity of  uncombined  lime,  which  we  stated  it  to  contain.  This 
will  make  the  true  constitution  of  the  bleaching  powder  03 
follows : 

Subbichloride  of  lime 1408-9294 

Muriateoflime 419-6890 

Water 756-9800 

Loss 129-4016 
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The  true  composition  then  of  the  bleaching  powder 
to  100  parts  is  as  follows  ; 

•  Subbichloride  of  lime 51-91 
Muriate  of  lime 15  46 
Water 27-86 
Uncombined  lime 4-77 


100-00 


So  that  rather  more  than  half  of  tlie  powder  consisted  of  pure 
subbichloride  of  lime,  while  the  remainder  consisted  of  matter  of 
no  efficacy  for  bleaching. 

I  was  long  at  a  loss  to  account  for  the  great  proportion  of 
i;vater  which  this  specimen  of  bleaching  powder  contamed ;  but 
I  now  conceive  that  the  following  explanation  will  enable  us  to 
account  for  it.  The  sulphuric  acid  used  in  the  process  was  very 
weak;  namely,  about  the  specific  gravity  1-5,  instead  of  1-76, 
which  is  the  specific  gravity  required  by  law  in  Great  Britain. 
The  consequence  would  be  that  a  portion  of  the  water  of  the 
acid  would  be  driven  over  into  the  receiver  along  with  the  chlo- 
rine gas  by  the  heat  required  to  disengage  that  gas. 

The  extraordinary  strength  of  the  specimen,  which  will  sur- 
prise both  manufacturers  and  bleachers,  and  which,  I  have  reason 
to  believe,  greatly  exceeds  what  can  possibly  be  made  in  the 
large  way  by  the  usual  process,  is  most  probably  owing  to  its 
having  been  taken  from  the  .surface  of  the  lime  exposed  on  the 
bottom  of  the  receiver,  which  is  always  much  nearer  a  state  of 
saturation  than  any  other  portion  of  the  powder.  The  specimen 
examined,  therefore,  sen-es  ratlier  to  show  to  what  strength  the  \ 
bieftching  powder  can  be  made  than  to  give  a  fair  &a.i.-&'^V%. 
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whtt  is  QsuaUy  exposed  to  sale.  But  I  have  likewise  subjected 
to  analysis  a  quantity  of  bleaching  powder^  which  I  have  reason 
to  believe  constitutes  a  pretty  fair  specimen  of  the  average 
strength  at  which  the  powder  is  usually  exposed  to  sale.  The 
analysis  was  conducted  precisely  as  the  former,  and  upon  nearly 
as  great  a  scale.  To  oe  quite  sure  of  extricating  the  whole 
oxygen  gas  from  the  powder,  I  raised  it  in  the  retort  to  an  inci- 
pient red  faieat,  and  kept  it  in  that  state  for  a  considerable  time, 
llie  quanti^  of  bleaching  powder  analyzed  was  1123  grains, 
I  found  its  constituents  as  follows : 

Subbichlorideoflune 41M36 

Muriate  of  lime , 307-720 

Water 190-100 

Uncombined  Ume,  and  impurity. . . .  315-045 

1123-600 

When  these  are  reduced  to  the  proportional  numbers  for  100 
parts  of  the  powder,  we  find  it  constituted  as  follows  : 

Subbichloride  of  lime • •  •  36*52 

Muriate  of Ume.  ••••••••.••••.,,••  18-50 

Water ,.  16-93 

Uncombined  lime,  &c. 28*05 

lOO-OO 

The  gre^t  difference  between  this  powder  and  the  former  con- 
sists in  the  quantity  of  uncombinea  lime.  The  proportion  of 
muriate  of  Ume  is  nearly  the  same  in  both.  This  I  think  renders 
it  probable  that  the  muriate  of  lime  is  formed,  at  least  chiefly, 
during  the  process  of  manufacturing  the  bleaching  powder. 
Both  of  these  samples  were  quite  fresh,  and  were  transported 
into  my  laboratory  m  bottles  well  sealed  up. 

Besides  the  variation  which  frequently  occurs  in  the  original 
quality  of  the  powder,  arising  sometimes  from  defective  satura-r 
Uon  of  the  lime  with  chlorine,  and  sometimes  from  a  conversion 
of  that  gas  into  muriatic  acid,  or  to  these  two  causes  combined, 
it  is  also  subject  to  deterioration  by  keeping,  being  gradually 
converted  into  muriate  of  lime. 
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Qn  tf^  ComposUfon  of  Chloride  of  Sulpfiur.     By  Thomas  T^om^ 

son,  M.D.  F.R.S. 

This  substance  was  diacovei^diVi^  TXie\Tv\^3/tadj(lescribed 
in  a  paper  published  m^icYioV^otf  vi  Xoxai^iX,  fet >i<xd<«2ty\^R$^, 
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entitled  "  On  the  Compounds  of  Sulphur  and  Oxygen."  In 
that  paper,  I  attempted  an  analysis  of  it ;  but  at  that  time  the 
data  upon  which  I  had  to  go  were  so  inaccurate  that  nothing 
more  than  an  imperfect  approximation  could  be  expected. 
Tliere  was  one  fact,  however,  which  1  pointed  out,  which  has 
been  totally  overlooked  since,  though  it  is  of  considerable 
importance,  and  though  it  will  serve  to  account  for  variations 
that  have  been  observed  in  the  propertieB  of  chloride  of  sulphur 
by  the  few  chemists  who  have  published  detailed  accounts  of  its 
nature.  The  fact  to  which  I  allude  is  that  it  varies  in  its  compo- 
sition according  to  the  proportion  of  the  constituents  employed 
in  forming  it.  Thus,  for  example,  no  two  chemists  have  stated 
the  specinc  gravity  of  the  chlonde  of  sulphur  the  same. 

I  found  the  specific  gravity  of  the  first  portion  of  it  which  I 

prepared  to  be 1*623* 

BerthoUet,  jun.  found  it l-7t 

Bucholz 1  -699+ 

Sp.  gr.  of  a  new  portion  lately  made  by  me.  .  r6789 

I  conclude  from  the  preceding  table,  that  the  composition  of 
tlie  portion  of  chloride  of  sulphur,  which  served  for  my  experi- 
ments in  the  original  paper  which  1  published  on  the  subject,  was 
different  ftom  that  whose  specific  gravity  was  r699. 

It  will  be  seen,  by  consulting  my  paper  aheady  referred  to, 
that  one  part  of  sulphur,  when  converted  into  chloride  of  sul- 
phur, weighed  2"63  parts.  Wow  as  a  portion  of  the  sulphur  was 
volatilized  during  the  process,  and  as  the  chloride  was  not 
rigidly  weighed  (for  at  that  time  I  was  not  in  possession  of  a 
pair  of  scales  large  enough  to  weigh  the  Woulfe's  bottle  contain- 
ing the  chloride,  and  I  was,  therefore,  obliged  to  pour  it  into 
another  smaller  vessel) ;  but  a  certain  portion  of  it  lost ;  the 
probabihty  is,  that  my  chloride  was  a  compound  of  one  atom  of 
sulphur  and  one  atom  of  chlorine.  Had  no  sulphur  been  vola- 
[ihzed,  and  had  the  chloride  been  a  compound  of  an  atom  of 
sulphur  and  an  atom  of  chlorine,  then  one  part  of  sulphur  would 
have  been  converted  into  3'25  of  chloride  of  sulphur.  The  quan- 
tity which  BerthoUet  obtained  approaches  very  nearly  to  the 
requisite  weight ;  for  when  his  products  are  calculated  by  the 
correct  data  at  present  in  our  possession,  it  will  be  seen  that  one 
part  of  sulphur  was  converted  by  liim  into  3- 123  parts  of  chlo^ 
ride  of  sulphur.  |  Bucholz,  on  the  contrary,  obtamed  from  one 
part  of  sulphur  only  2- 11  parts  of  chloride  of  sulphur.  This 
approaches  nearest  to  what  I  obtained,  and  shows  either  that 
Ins  process  had  not  been  carried  so  far  as  that  of  BerthoUet,  or 
that  a  greater  loss  had  been  sustained  by  him.  || 

Neither  my  analytical  experiments,  nor  those  of  BerthoUet  Of 

•  NicholBon'i  Journal,  t1,  1,04-.  -t  McuvQwei,  tf  K^tM      . 

J  GeWcn'bJoiimaJ,  second  nerieSjix,  ITS.  ^  li\enio«ei«  K.^cusSl.'^-V'i^Vi 
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Oehlen,  are  of  such  a  nature  as  to  exhibit  the  real  compositioii 
of  this  substance.  Indeed  a  good  analytical  result  was  at  that 
time  unlikely ;  not  merely  because  we  were  ignorant  of  the  true 
nature  of  the  compound,  but  because  the  curious  suite  of  changes 
which  it  im.dergoe8y  when  left  in  contact  with  water,  could  not 
be  understood  till  the  nature  and  properties  of  hyposulphurous 
acid  had  been  investigated. 

Before  proceeding  to  the  analysis  of  chloride  of-  sulphur, 
which  is  to  constitute  the  subject  of  this  paper,  I  beg  leave  to 
return  my  thanks  to  Mr.  Herschell  for  his  paper  on  the  hyposul- 
phurous acid,  pubUshed  in  the  first  volume  of  the  Edinburgh 
Philosophical  Journal.  Itjs  an  excellent  paper,  and  does  great 
credit  to  the  author  both  as  an  experimenter  and  a  philosopher. 
I  was  myself  aware  of  a  good  many  of  the  facts,  contained  in 
that  paper  before  its  pi4)lication,  but  by  no  means  of  the  whole 
of  them.  Indeed  it  was  a  fact  contained  in  it,  new  to  me,  that 
suggested  to  me  the  new  analysis  of  the  chloride  of  sulphur 
which  I  am  going  to  describe.  The  fact  to  which  I  allude  is  the 
gradual  decomposition  of  hyposulphate  of  silver,  when  left  in 
solution  in  water,  and  its  conversion  into  sulphuret  of  silver. 
This  put  me  in  mind  of  a  phenomenon  which  I  nad  observed  in 
my  former  rude  attempts  to  analyze  the  chloride  of  sulphur,  and 
which  I  was  unable,  to  account  for — I  mean  the  cnange  of 
colour  which  the  precipitate  (from  water  in  which  the  chloride 
of  sulphur  has  been  agitated),  by  means  of  nitrate  of  silver, 
undergoes  from  white  to  brownish-black.  The  knowledge  of  the 
spontaneous  change  of  hyposulphite  of  silver  into  sulphuret  of 
silver  suggested  the  cause  of  this  change,  and  induced  me  to 
repeat  my  old  analysis  with  the  requisite  attention  to  precision ; 
so  true  is  it  that  no  addition  can  be  made  to  any  psurt  of  che- 
mistry, which  has  not  a  tendency  to  throw  light  upon  other  parts 
of  the  science  apparently  totally  unconnected  with  the  new  dis- 
coveries. 

42*9  grs.  pf  chloride  of  sulphur  were  dropped  into  about  eight 
ounices  of  distilled  water  contained  in  a  common  phial.  The 
phial  was  immediately  corked  tightly,  and  it  was  agitated 
violently  at  intervals  for  several  weeks.  The  chloride  at  first  fell 
to  the  bottom  of  the  liquid.  It  was  partially  decomposed,  and 
flocks  of  sulphur  separated  by  the  agitation  ;  but  the  decompo- 
sition was  very  slow,  and  at  least  six  weeks  elapsed  before  all 
traces  of  the  chloride  disappeared.  There  was  then  a  quantity 
of  sulphur  collected  at  the  bottom  of  the  phial,  and  the  water  . 
had  a  considerable  opalescence,  owing  apparently  to  a  portion  of 
sulphur  suspended  in  it  in  the  state  of  a  very  minute  powder.  I 
allowed  it  to  remain  at  rest  for  a  week  to  give  the  sulphur  time 
to  subside;  but  finding  it  continue  as  opalescent  as  ever,  I 
poured  into  it  a  quantity  of  ammonia  rather  more  than  sufficient 
to  saturate  all  the  ac\d  vi\v\c\v  '\t  couVaki^d^  ^nd  threw  the  whole 
upon  a  filter.    The  Viqvnd  y^^^^ed  V!tow^  ^ws^^-^^  ^wjA.  ^S^^ 
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quantity  of  sulphur  collected  on  the  filter  weighed,  when  drj', 
17-46  gTB.    . 

The  liquid  was  neutralized  by  means  of  acetic  acid,  and  Gome 
nitrate  ot'barytes  was  dropped  into  it.  No  immediate  effect  was 
produced  ;  but  after  the  liquid  had  Etood  for  24  houra,  a  slight 
precipitate  was  deposited  on  the  bottom  of  the  glass  containing 
the  liquid.  This  precipitate  was  insoluble  in  niti'ic  acid.  After 
being  washed  and  dried,  it  was  found  to  weigh  two  grains.  I 
considered  it  to  be  sulphite  of  barytes.  On  that  supposition,  it 
is  equivalent  to  0'29  gr.  of  sulphur.  Thus  the  sulphur  obtained 
from4'2'9  grs.  of  chloride  of  sulphur  amounted  to  17*75  grs. 

Into  the  liquid  thus  freed  from  sulphuric  and  sulphurous  acids 
I  dropped  a  solution  of  nitrate  of  silver  as  long  as  any  precipi- 
tate continued  to  fall.  The  precipitate  which  first  appeared  had 
the  colour  and  characters  which  usually  distinguish  chloride  of 
eilcer ;  but  when  the  liquid  had  stood  for  some  time,  it  always 
deposited  a  brownish-black  matter,  similar  in  appearance  to 
sulphuret  of  silver.  Several  days  elapsed  before  the  nitrate  of 
silver  had  precipitated  the  whole  of  the  precipitable  matter,  and 
the  proportion  of  sulphuret  of  silver  increased  considerably 
towards  the  latter  parts  of  the  process.  Indeed  the  sulphuret 
continued  to  fad  after  all  the  chloride  of  silver  had  been  tlirown 
down.  In  order  to  ensure  getting  the  whole  of  the  sulphuret,  an 
excess  of  nitrate  of  silver  was  finally  introduced  into  the  liquid, 
and  the  mixture  was  allowed  to  remain  till  the  liquid  became 
perfectly  clear,  and  continued  so.  The  liquid  was  now  drawn 
off  with  a  syphon,  and  the  precipitate  of  silver  was  washed  witl^ 
distilled  water  till  it  was  perfectly  clear. 

This  precipitate  consisted  obviously  of  two  (listinct  substances; 
namely,  chloride  of  silver,  and  sulphuret  of  silver.  To  separate 
them  from  each  other,  I  digested  the  whole  precipitate  iu  a  suf- 
ficient quantity  of  caustic  ammonia  to  dissolve  the  whole  of  the 
chloride  of  silver  which  it  contained.  The  ammoniacal  solution 
was  separated  ft'Om  the  sulphoret  of  silver  by  throwing  the  whole 
upon  tne  filter.  The  sulphuret  of  silver  being  sufficiently 
washed  and  well  dried  weighed  15'13  grs. 

Now  sulphuret  of  silver  is  a  compound  of  2  sulphur  +  13'7J 
silver.  It  is  obvious,  therefore,  that  16'13  grs.  of  sulphuret  ol 
silver  contain  1*92  gr.  of  sulphur ;  therefore  the  whole  sulphur 
obtained  from  the  42'9  grs.  of  chloride  of  sulphur  amounts  t(^ 
the  following  quantity : 

Grain). 

»l .  Deposited  from  the  water !7'46 
2.  In  two  grai us  sulphite  of  barytes  ..  0'29 
3.  In  15'J3  gre.  of  sulphurat  of  silver.     1'93 

TIow  19-67  grs.  approaches  to  Valf  t\je  -weX^l  o^  \1-^  ^%.-^X-i.^ 
was  the  whole  ph/oridti  of  sulphuv  bu\ijet:V.c<.\  to  a.uiiN'iWL'&. 
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The  ammoniacal  solution  of  chloride  of  silver,  being  saturated 
with  muriatic  acid,  let  fall  the  chloride  of  silver  wmch  it  con- 
tained. This  chloride,  being  well  washed  and  dried,  was  found 
to  weigh  83*7  grs. ;  but  as  chloride  of  silver  is  a  compound  oi 
4-5  chlorine  +  13*76  silver,  it  is  obvious  that  83*7  grs.  of  it 
contain  20*63  grs.  of  chlorine.  This  of  course  is  the  quantity  of 
chlorine  contained  in  the  42*9  grs.  of  the  chloride  of  sulphur 
subjected  to  analysis. 

From  the  preceding  details,  it  is  obvious  that  the  chloride  of 
sulphur  was  composed  of 

Chlorine 20*63   48*09 

Sulphur 19*67    ;  45*85 

40*30 
Loss 2*60  6-06 


42*90  100*00 

The  loss  of  six  per  cent,  incurred  during  this  analysis  will  not 
perhaps  be  thought  excessive,  if  the  length  of  time  which  the 
analysis  took  up,  .and  the  volatile  nature  of  the  chloride  of  sul- 

{>hur,  be  considered.  It  is  probable  that  the  greatest  part  of  this 
OSS  was  owing  to  the  escape  of  a  portion  of  the  muriatic  acid 
into  which  the  chlorine  was  converted  by  agitating  the  chloride 
of  sulphur  with  water.  Let  us  now  see  what  inferences  respect- 
ing the  constitution  of  chloride  of  sulphur  we  are  entitled  to 
draw  from  the  preceding  analysis.  An  atom  of  sulphur  weighs 
2,  and  an  atom  of  chlorine,  4*5.  Hence  it  is  obvious  that  our 
chloride  of  sulphur  was  not  a  compound  of  one  atom  sulphur  + 
one  atom  chlorine ;  Qtherwise  the  chlorine,  instead  of  merely 
exceeding  the  sulphur  a  little  in  quantity,  would  have  been  more 
than  double  its  weight.  If  we  suppose  the  chloride  examined  to 
have  been  a  compound  of  two  atoms  sulphur  -f-  one  atom  chlo- 
rine, then  the  weights  of  the  sulphur  and  chlorine  would  be  to 
each  other  as  4  to  4*5;  but  4  :  4*5  ::  45*85  :  51*58.  Therefore, 
if  the  quantity  of  chlorine  obtained  in  the  preceding  analysis  had 
been  51*58  instead  of  48*09,  the  chloride  would  have  been  com- 
posed exactly  of  two  atoms  sulphur  +  one  atom  chlorine.  Now 
1  have  Uttle  doubt  that  from  the  greater  volatility  of  the  chlorine 
>vhen  compared  to  the  sulphur,  the  greater  part  of  the  loss  would 
be  owing  to  the  escape  of  it,  or  of  the  muriatic  acid  gas,  into 
which  it  was  converted.  I  conceive  myself,  therefore,  entitled 
to  conclude  that  the  chloride  of  sulphur  which  I  subjected  to 
p.nalysis  was  a  compound  of  two  atoms  sulphur  +  one  atom 
chlorine.     It  was,  therefore,  a  subbichloride  of  sulphur. 

It  is  scarcely  necessary  to  say  that  I  repeated  the  preceding 

analysis  a  second  time  without  coming  any  nearer  the  truth. 

I  conceive  it,  therefore,  quite  unnecessary  to  state  the  details  of 

the  other  s^nalysis.    It  was  conc^ucted  precisely  in  the  same  way^' 
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as  the  preceding,  and  the  phenomena  which  it  exhibited  were 
precisely  the  name. 

Now  that  we  are  acquainted  with  the  composition  of  the  sub- 
bichloride  of  sulphur,  which  I  subjected  to  analysis,  the  pheno- 
mena which  presented  themselves  during  the  analysis,  and 
which  I  have  parUy  noticed  above,  admit  of  an  easy  and  obvious 
explanation.  When  the  subbichloride  is  agitated  strongly  in 
'water,  it  gradually  deposits  one  half  of  its  sulphur.  The  remain- 
ing half  of  the  sulphur  is  to  the  chlorine  in  the  proportion  of  one 
atom  to  one  atom.  Water  is  decomposed  by  the  mutual  action 
of  the  chlorine  and  the  sulphur  which  continues  united  to  it. 
The  oxygen  of  the  water  umtes  to  the  sulphur,  and  converts  it 
into  hypoaulphurous  acid,  while  the  hydrogen  of  the  water 
unites  to  the  chlorine  and  converts  it  into  muriatic  acid. 

Thps  one  half  of  the  sulphur  is  deposited  while  the  other  half 
is  converted  into  hyposulphurous  acid.  The  hyposulphurous 
acid  and  the  muriatic  acid  dissolve  in  the  water.  This  decom- 
position does  not  take  place  at  once,  because,  from  the  great 
specific  gravity  of  the  subbichloride  of  sulphur,  and  from  the 
viscidity  of  the  sulphur  first  evolved,  great  agitation  and  a  consi- 
derable interv^  of  time  are  necessary  before  the  two  liquids  can 
come  sufficiently  in  contact  to  act  upon  each  other  so  as  to  pro- 
duce mutual  decomposition.  New  portions  of  hyposulphurous 
acid,  therefore,  and  of  muriatic  acid,  are  formed  at  each  succes* 
sive  agitation,  and  dissolved  in  the  water. 

But  hyposulphurous  acid,  in  order  to  be  a  permanent  sub- 
stance, requires  to  be  united  to  a  base.  When  merely  dissolved 
in  water,  it  speedily  undergoes  decomposition,  letting  fall  sul- 
phur, and  probably  being  converted  into  sulphurous  acid. 
Hence  the  reason  why  the  liquid  always  continued  opalescent: 
it  was  owing  to  the  conrinual  decomposition  of  the  hyposulphu- 
rous acid,  and  the  continual  evolution  of  new  portions  of  sulphur 
in  proportion  as  the  old  portions  subsided :  but  when  the  hypo- 
sulphurous acid  was  saturated  with  ammonia,  its  spontaneous 
decomposition  was  stopped.  This  was  the  reason  wby  the 
liquid  became  transparent,  and  why  I  was  able  to  separate  tjl 
tJie  sulphur  from  it  when  it  was  saturated  with  ammonia. 

Hyposulphurous  acid  is  not  precipitated  by  the  salts  of  baiytes. 
Hence  it  was  only  the  sulphuroiis  acid  which  the  liquid  contamed, 
and  which  had  been  formed  at  the  expense  of  the  hyposulphu- 
rous acid,  that  was  precipitated  by  means  of  the  nitrate  of 
barytes. 

Nitrate  of  silver  does  not  precipitate  hyposulphurous  acid,  the 
hyposulphite  of  silver  being  a  soluble  salt.  Hence  the  reason 
why  nitrate  of  silver  only  threw  down  the  muriatic  acid  leaving 
the  hyposulphite  of  ammonia  still  in  the  liquid,  or  rather  convert- 
ing it  to  hyposulphite  of  silver.  But  Mr.  Herschell  has  shown 
that  hyposulphite  of  silver  is  not  a  permanent  salt,  being  gra- 
dually decomposed  into  water  and  sul|ihin*et  of  silver.     Hence 
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the  reason  of  the  g^radual  deposition  of  sulphnret  of  silver^-  and, 
hence  the  reason  of^e  lengtn  of  time  necessary  to  Uirow  down 
the  acids  in  ^^^^^^MhML  hy  means  of  nitrate  of  silver.  The 
muriatic  acid  was  nfflB^tely  thrdwn  down  in  the  state  of 
chloride  of  silver ;  but  thenypQaralphuGgiWiJacid  was  converted  at 
first  into  hjrposulphite  of  silver^  which  i^wly  depositedj|alphuret 
of  silver.  Thus  the  muriatic  acid  was. thrown  aQM|MlFTne  state 
of  chloride  of  silver,  while  the  sulphur  of  the'vj^osulphurous 
acid  was  precipitated  in  the  state  of  sillj^uret  of  silver. 

Thus  the  action  of  water  upM  thttiBW>i'^|jyyiti£.  of  sulphur 
cannot  be  completely  understooSpill^e  lihow  ttr^fi'roperties  of 
hyposulphurous  acid  and  of  some  of  its  salts ;  but  when  these 
are  once  known,  nothing  is  simpler  or  more  beautiful  than  the 
series  of  decompositions  which  take  place  during  the  analytical 
experiments  which  I  have  described  in  this  paper.  It  is  not 
surprising  then  that  I  did  not  succeed  in  my  attempts  to  analyze 
the  chloride  of  sulphur  in  the  year  1803.  I  at  that  time  had  no 
notion  of  the  existence  of  hyposulphurous  acid,  and  was  not 
aware  of  any  other  acid  compounds  of  sulphur,  except  sulphuric 
and  sulphurous  acids.  It  will  be  seen  by  consulting  my  paper 
pubUshed  in  1803,  that  there  was  no  sulphurous  nor  sulphuric 
acid  in  the  chloride,  but  that  one  or  other  of  them  made  their 
appearance  when  the  chloride  was  agitated  with  water.  It  will 
be  seen  too  that  when  the  liquid  was  precipitated  by  nitrate  of 
silver,  the  precipitate  had  a  brown  colour,  and  of  course  must 
have  been  contaminated  with  sulpburet  of  silver.  I  was  not  able 
at  the  time  to  form  any  notion  of  the  source  of  this  sulpburet, 
and  did  not  even  attempt  to  determine  its  quantity.  Indeed  I 
thought  the  quantity  of  it  was  so  small  as  to  be  insignificant,  as 
far  as  the  analytical  results  were  concerned ;  but  the  preceding 
details  are  sufficient  to  show  us  that  this  notion  was  very  ill 
founded.  Had  I  subjected  100  grs.  of  the  subbichloride  of  sul- 
phur to  analysis,  as  i  did  in  1803,  it  is  obvious  that  the  weight 
of  the  sulpburet  of  silver  formed  during  the  analysis  would  have 
amounted  to  35*27  grs. ;  while  the  chloride  of  silver  would  have 
amounted  to  195'1  grs.  Now  if  the  35*27  gTs.  of  sulpburet  had 
been  reckoned  chloride  (as  I  did  in  the  analytical  experiments 
published  in  1803),  they  would  have  indicated  8*7  grs.  of  chlo- 
rine ;  whereas  in  reahty  they  indicate  4' 47  grs;  of  sulphur. 
Thus  the  quantity  of  chlorine  would  have  been  overrated  to  the 
amount  of  8*7  grs. ;  while  the  quantity  of  sulphur  would  have 
been  made  4^  grs.  below  the  truth. 

It  was  equally  out  of  the  power  of  BerthoUet  and  Bucholz  at 
the  periods  when  they  made  their  respective  analyses  to  take 
a  correct  view  of  the  phenomena.  They  were  just  as  ignorant 
of  the  nature  and  properties  of  hyposulphurous  acid  as  I  myself 
had  been.  Of  course  their  experiments  do  not  lead  us  to  any 
correct  views  respecting  the  constituents  of  the  chloride  of  sul- 
phur which  they  subjected  to  analysis  ;  neither  are  they  suscep- 
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tible  of  being  corrected  by  the  application  of  more  recentiy 
discovered  facts.  Hence  as  far  as  tne  analysis  of  the  chloride 
goes,  their  researches  are  quite  useless.  Had  I  taken  the 
trouble  to  separate  the  chloride  of  silver  from  the  sulphuret,  and 
had  I  recorded  the  weight  of  each  in  my  original  paper,  my  expe- 
riments of  1803  might  nave  been  applied  with  ease  to  determine 
the  true  composition  of  the  chloride  of  sulphur  which  I  at  that 
time  subjected  to  analysis  ;  but  the  neglect  of  these  essential 
facts  prevents  the  possibility  ol'  making  any  use  of  my  experi- 
ments, and  of  course  renders  it  quite  unnecessary  to  correct 
them, 

I  am  of  opinion  that  whenever  sulphur  and  chlorine  are 
united  together  by  my  original  process  ;  namely,  by  passing  a 
current  of  chlorine  through  flowers  of  sulphur  till  the  whole  is 
liquified,  we  always  form  a  subbichloride  of  sulphur,  or  a  com- 
pound of  one  atom  chlorine  with  two  atoms  of  sulphur.  At 
least  1  have  repeated  the  process  three  times,  and  each  time  the 
liquid  formed  was  a  subbichloride.  I  have  not  tried  the  effect  of 
continuing  the  current  of  chlorine  gas  as  long  as  it  continues  to 
be  absorbed ;  but  it  would  probably  form  a  chloride  of  sulphur^ 
or  a  compound  of  one  atom  chlorine  and  one  atom  sulphur.  But 
in  the  chloride  of  sulphur  which  I  prepared  and  attempted  to 
analyze  in  1 803,  the  current  of  chlorine  was  continued  a  consi- 
derable time  after  the  sulphur  was  liquified.  Hence  there  was 
probably  more  chlorine  in  it  than  in  tne  liquid,  the  analysis  of 
which  has  been  related  in  this  paper.  This  was  probably  the 
reason  why  its  specific  gravity  was  diflerent  from  that  of  the 
liquid  obtained  by  Berthollet,  and  Eucholz,  and  from  that  which 
1  employed  for  the  present  analysis.  Berthollet,  or  at  least 
Bucholz,  had  prepared  subbichlorides  of  sulphur;  while  tlie 
liquid  on  which  my  original  experiments  were  made  was  proba- 
bly a  simple  chloride. 

That  a  compound  of  one  atom  of  chlorine  and  one  atom  of 
sulphur  exists  as  well  as  a  subbichloride  of  sulphur,  appears  to 
me  aufGciently  demonstrated  from  a  synthetical  experiment 
related  by  Sir  H.  Davy.  He  found  that  when  dry  sulphur  is  put 
into  chlorine  gas,  the  gas  is  absorbed  by  the  sulphur,  and  a 
liquid  chloride  formed.  Now  he  observed  that  10  gts.  of  sul- 
phur were  just  capable  of  absorbing  30  cubic  inches  of  chlorine 
gas;  but  30  cubic  inches  of  chlorine  gas  weigh  22'875  grs. 
According  to  this  experiment,  10  grs.  of  sulphur  combine  with 
22'875  grs.  of  chlorine;  of  consequence,  two  grains  of  sulphur 
would  combine  with  4'675  grs,  of  chlorine.  Now  2  is  the 
weight  of  an  alom  of  sulphur,  and  4'o75  only  exceeds  the  weight 
of  an  atom  of  chlorine  by  0'076  gr.  An  error  of  half  a  cubic 
inch  in  the  quantity  of  chlorine  absorbed  by  the  sulphur  would 
have  produced  this  difference.  I  think,  therefore,  we  may  con- 
clude, without  any  hesitation,  that  Davy's  synthetical  chloride 
was  a  compound  of  one  atom  chlorine   +   one  atom  sulphur. 
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Unfortunately  Da?y  has  not  mentioned  any  of  the  propeiiieft  <St 
the  chloride  which  he  fonned,  though  there  is  every  reason  to 
believe  that  its  characters  must  differ  in  several  particulars  from 
those  of  the  subbichloride  of  sulphur. 

From  the  fietcts  stated  in  this  paper,  we  may  conclude  that 
chlorine  and  sulphur  are  capable  of  uniting  at  least  in  two  pro- 
portions.   These  compounds  are : 

1.  Chloride  of  sulphur  composed  of  one  atom  chlorine  +  one 
atom  sulphur,  or  of 

Chlorine.... 4-6   69-23 100-0 

Sulphur 2-0   ....■•.30-77    44-44 

100-00 

.  2.  Subbichloride  of  sulphur  composed  of  one  atom  chlorine 
+  2  atoms  sulphur,  or  of 

Chlorine ^...  4-6  • 52-94   ......  100-00 

Sulphur 4-0   47-06   88-8^ 

100-00 

It  is  not  unlikely  from  the  analog  of  oxygen  that  sulphur  may 
be  capable  of  uniting  likewise  with  two  atoms  and  with  three 
atoms  of  chlorine ;  but  as  these  compounds  are  not  likely  to  b^ 
of  much  utility,  it  might  be  considered  as  a  waste  of  time  to 
endeavour  experimentally  to  obtain  them. 


Article  III. 


Physico-chemical  Inquiry  into  the  Red  Stiow  of  the  Environs  of 
Mount  St.  Sernard.*     By  M.  Peschier. 

The  singular  phenomenon  of  the  red  snow  has  excited  much 
attention,  on  account  of  that  which  the  navigators  in  the 
first  arctic  expedition  had  observed,  and  even  collected,  in  these 
high  latitudes.  Observations  of  the  same  kind  have  been  called 
to  mind  which  were  formerly  made  by  our  De  Saussure  in  his 
attempt  to  analyze  the  colouring  matter  which  sometimes  tinges 
the  snow  on  the  high  mountains.  A  chemical  and  physical 
examination  has  lately  been  made  in  London  of  this  substance 
brought  from  the  arctic  regions,  and  signs  of  organization  even 
thought  to  be  perceived  m  it.  We  have  ourselves  more  than 
once  observed  tnis  phenomenon  on  the  snow  on  the  Alps  ;  and 
a  lover  of  mountains,  who  is  nearly  connected  with  us,  and  who, 
like  us,  has  the  advantage  of  living  in  correspondence  with  the 

•  From  the  Bibliotheque  Unlverselle,  for  Dec.  1SI9. 
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respectable  prior  of  the  Convent  of  Graqd  St.  Bernard,  hn 
availed  himself  of  this  circumstance,  and  of  the  acquaintance  oC 
the  learned  monk  with  natural  history,  to  address  to  him  a  sen 
of  questions  on  the  subject-  He  has  very  obligingly  aRswereet 
them,  and  these  answtrs  seem  to  us  to  throw  much  light  on  tbtt 
phenomenon  as  connected  with  the  localities. 

On  the  other  hand,  this  same  correspondent  having  been  aa 
Lind  as  to  send  us,-  at  two  ditferent  times,  samples  of  tite 
colouring  matter  collected  by  himself  with  great  care,  we  havft 
requested  M.  Pescbier,  Member  of  the  Physical  and  ^atuiat 
History  Society,  and  of  the  committee  of  chemistry  of  dMi 
Society  for  the  Promotion  of  the  Arts,  to  undertake  the  aa»*- 
lysis  of  these  samples.  This  he  has  been  so  kind  as  to  do; 
and  we  tliiuk  that  our  readers  will  be  obliged  to  us  for  coat- 
municating  to  them  these  two  papers,  which  those  who  feet 
interested  in  the  question  of  the  red  snow  will  not  find  out  of 
their  place  in  our  journal. 

Questions  and  Answers  respecting  the  Red  Snow  of  the  Environs  of 
Mount  St.  Bernard. 

Is  the  red  snow  permanent ! 

It  is  permanent. 

Is  it  always  seen  in  the  same  place  ? 

It  is  always  seen  in  the  same  place.  It  generally  occupies 
the  plateaux,  commanded  by  dechvities  covered  with  snow. 

Is  it  concealed  by  the  snow  which  falls  upon  it,  or  doea  tho. 
latter  become  red  by  the  contact  ? 

It  is  concealed  by  the  snow  which  falls  on  it,  and  the  latter 
does  not  become  red  by  the  contact, 

I  have  seen  the  red  snow  on  the  Biiet,  the  St.  Bernard,  tbv 
Col  de  la  Seigne,  the  Bonhomme:  is  it  generally  found  at  tha 
-same  elevation  as  these  summits  in  the  other  parts  of  tha 
glaciers  1 

It  is  found  at  this  level,  and  also  higher  and  lower,  providef 
there  are  masses  of  snow  sufficiently  large  not  to  melt  during  (* 
suimner.     It  is  sometimes  found  on  the  glaciers. 

Is  it  more  abundant  at  certain  times? 

After  high  south,  or  south-west  winds. 

Has  it  been  noticed  whether  it  was  red  at  certain  depths  ? 

To  the  depth  of  two  or  three  inches. 

Would  it  not  be  possible  to  obtain  by  filtering  it,  a  residaBi 
which  might  be  analyzed  1 

Without  having  made  the  experiment,  I  behevethat  it  wouU, 
furnish   an  earthy   and   ferruginous    residui:  which   might 
analyzed. 

Is  there  any  opinion  on  the  cause  of  this  colour? 

I  do  not  know  that  there  are  any  opinions  on  this  cause 
might  be  ascribed  to  the  colour  of  the  earth,  especially  the  femk-^ 

Vol.  XV.  N°  VI.  2D 


418  M.  Peschier*s  Physico^hemicallnquiry  into     [Juwk^ 

^nous  earth,  which,  the  winds  cany  away,  and  let  fall  on  the 
snow,  as  elsewhere. 

Does  not  the  red  snow  give  me  to  certain  superstitions  ? 

Absolutely  to  none  in  our  country ;  the  people  do  not  erea 
pay  attention  to  it. 

Has  it  been  observed  whether  it  is  more  or  less  abundant 
according  to  the  temperature  of  the  air? 

It  has  not  been  observed,  but  the  more  the  season  advances^ 
the  more  abundant  it  is ;  because  as  the  winds  bring  fresh  sup- 
plies of  earthy  matter,  they  are  the  more  easily  perceived. 

In  particular,  would  it  not  be  more  or  less  abundant  in  propor- 
tion as  the  melting  of  the  snow  has  been  more  considerable  I 

The  melting  of  the  snow  and  the  rain  occasion  little  streams,, 
-which  flow  over  the  snow  and  make  furrows  in  it.  In  thes& 
furrows,  hollows  are  formed,  as  there  are  in  a  rivulet ;  it  is  there 
that  it  is  more  particularly  red,  because  the  water,  carrying  with 
it  the  colouring  matters,  allows  them  to  precipitate,  on  account 
cf  the  diminution  of  the  force  of  the  current. 

In  what  places  is  the  red  snow  seen  the  most  frequently,  and  m 
the  greatest  abundance  ? 

It  is  where  the  snow  resists  dissolution  the  longest ;  at  the 
bottom  of  declivities  covered  with  snow,  because  the  red  sub- 
•tances  are  carried  and  deposited  there  by  the  currents. 

D  3  the  chronicles,  manuscripts,  or  ancient  works,  make  any^ 
mention  of  this  snow  ? 

I  have  never  found  any  thing  on  this  subject. 

Does  it  exist  on  the  Appennines  as  well  as  the  Alps  ? 

I  have  never  thought  of  inquiring. 

Is  it  observed  rather  on  one  side  of  the  Alps  than  on  thr 
«)ther  ? 

It  is  found  on  one  side  as  well  as  on  the  other. 

Has  any  body  ever  seen  it  fall  red  ? 

Never  ;  not  even  old  people. 

I  have  seen  the  same  effects  on  snow  occasioned  by  substances- 
of  another  colour;  these  consisted  of  little  particles  conveyed  by  the 
winds,  which  had  been  taken  up  from  the  ground,  or  rocks,  in  the 
neighbourhood,  which  were  of  clay  or  plumbago ;  then  the 
snow  was  black,  and  presented  the  same  phenomena  as  the 
red.  I  remember  to  have  seen  somewhere  that  an  author  ascribed 
the  colour  of  the  red  snow  to  the  beams  of  the  sun  combined  with 
it.  But  why  then  should  not  snow  be  every  where  red,  since  the 
«un-beams  fall  on  one  mountain  as  well  as  on  another?  It  is  to  be 
observed  that  sometimes  the  edges  of  the  snow  which  are  most 
in  contact  with  the  ground  are  also  coloured  in  the  same  manner.. 
There  are  pretty  generally  in  our  mountains  soils  ferruginous  by 
pyrites.  There  are  even  spongy  slates  {ardoises  spongieusesy 
-which  contain  pyrites,  which  have  left  vacancies  by  their 
solution,  and  >\1iich,  being  carried  away  by  the  water  that  flow» 
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over  the  snow,  may  very  well  colour  it.  A  league  from  our  hos- 
pital, at  the  summit  of  the  Col  Ferret,  there  is  a  mine  of  specular 
magnetic  iron  ore  Q'er speciilaire  aimante);  it  maybe  recognized 
ia  spring  by  the  snow  which  is  strongly  tinged  with  red. 

I  am,  &c.  BisELX. 

St.  Birnard,  March  B,  18t9. 

P.  S.  As  soon  as  red  snow  can  be  had,  I  will  filter  some,  antl 
send  you  the  residue ;  but  I  shall  not  find  any  before  the  middle 
of  June. 

Analysis  of  two  Samples  of  Red  Snow  of  St.  Bernard.     By  M. 

Peschier,    Member  of    the   Physical   and  Natural   History 

Society  at  Geneva.    Extracted  from  a  Memoir  on  the  Subject, 

read  to  the  Society. 

I  am  not  acquainted  with  any  chemical  inquiry  into  the  cause 
of  the  colout  of  the  red  snow  of  the  Alps,  except  that  made  by 
our  illustrious  countryman  in  1778,  ana  which  is  related  in  the 
third  volume  of  his  Travels.  The  results  of  this  inquiry  are 
confined  to  showing,  that  the  residue  of  the  red  snow  had  an 
earthy  appearance,  that  when  laid  on  burning  coals,  it  emitted  a 
cmoke,  smelhng  like  burnt  erass;  that  it  furnished  a  dark-brown  - 
solution,  \n\h  mtiriatic  aciiJ,  by  the  aid  of  heat,  and  a  tincture 
of  a  beautiful  gold-yellow  with  alcohol,  which  left,  as  the  residue 
of  its  distillation,  an  oily  substance,  of  a  yellow-brown,  having, 
while  burning,  the  smell  of  wax,  and  that  the  loss  in  weight  of 
the  residue  in  this  operation  was  .^^ths,  which  had  made  him  at 
.  iirst  consider  it  as  a  dust  of  stamina,  and  that  microscopical 
observations  had  left  him  in  doubt.  As  I  was  not  acquainted 
■with  any  thing  else  on  the  subject,  I  have  always  wished  to  see 
the  attention  of  chemists  directed  to  this  interesting  pheno* 
menon. 

Two  favourable  opportunities  having  offered,  I  have  thought  it 
ray  duty  to  take  advantage  of  them  ;  and  the  following  are  the 
essential  parts  of  my  inqmry : 

My  first  operations  were  upon  two  residues  of  red  snow,  col- 
lected with  great  care  by  the  Prior  of  Great  St.  Bernard.  One 
of  these  residues,  marked  No.  1.  had  an  earthy  appearance,  and  a 
ferruginous,  dirty-yellow  colour.  No.  II.  had  the  character  of  a 
coarse  vegetable  earth,  in  which  the  naked  eye  could  distinguish 
fragments  of  lichen  and  of  moss.  It  came  trom  a  small  spot  of 
red  snow,  above  which  there  was  a  reddish  tinge,  supposed 
by  the  Prior  to  be  produced  by  a  ciyptogamous  plant,  which 
assumes  this  colour  as  it  putrefies.  This  cause,  he  says,  in  the 
note  which  accompanies  these  residues,  rarely  occurs,  and  does 
not  offer  large  coloured  surfaces.  No.  I.  when  strongly  heated,. 
lost  O'lO  of  its  weight,  and  assumed  a  darker  colour.  No.  II. 
emitted  a  pretty  considerable  smoke  smelling  like  burnt  grass;, 
Igst  0'40,  and  leu  a  brilliant  residue,  of  a  violet  colour. 
^  2a  ' 
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Subjected  to  the  action  of  boiling  alcohol,  No.  II.  experienced 
only  a  very  slight  effect :  cold  and  warm  water  did  not  produce 
anymore. 

rifty  grains  of  No.  II.  when  submitted  to  destructive  distiDa- 
tion,  yielded  an  aqueous  ammoniacal  liquor,  some  drops  of 
emj)yreumatic  oil ;  and  left  a  coaly  residue,  weighing  32  grs. 

No.  I.  not  containing  any  combustible  substances,  was  not 
subjected  to  the  same  trial. 

One  hundred  grains  of  No.  I.  experienced  but  slightly  the 
action  of  muriatic  acid,  even  v/ith  the  aid  of  heat.  The 
insoluble  part,  treated  with  nitric  acid  and  an  addition  of  sugar, 
furnished  by  means  of  a  long  ebullition,  a  solution  which  had  a 
strong  orange  tinge  ;  and  left  a  residue,  weighing  65*50  grains, 
composed  of  fragments  of  stones  and  of  rock  crystal.  The  acid 
solutions  furnished  alumina  6*35,  peroxide  of  iron  21*35;  and 
there  jemained  in  solution  in  the  pure  alkaline  liquor  employed  in 
the  separation  of  the  alumina,  a  vegetable  principJe,  which  had 
been  dLssolved  by  the  acid,  and  which  communicated  to  it  a 
strong  yellow  colour.     Its  products  are  : 

Siliceous  substance 65*50 

Alumina 6*35 

Peroxide  of  iron 21*35 

Soluble  organic  substance  . .  6*80 

100-00 

One  hundred  grains  of  No.  II.  furnished,  with  muriatic 
acid,  a  vi olet-brown  solution,  such  as  M.  de  Saussure  obtained; 
but  the  action  of  this  acid  being  found  too  weak  to  dissolve  the 
oxide  of  iron,  it  was  necessary  to  follow  the  same  process  as  in 
the  preceding  operation,  and  the  principles  recognized  were  : 

Insoluble  substance 20*00 

Alumina 4*25 

Peroxide  of  iron 31*25 

Chalk 0*50 

Insoluble  organic  substance. .  37*50 
Ditto  soluble  as  in  IJfo.  I . .  . .     6*50 

100-00 

A  short  time  after  this,  having  received  from  the  Prior,  by  the 
medium  of  Professor  Pictet,  two  bottles  of  water  of  red  snow, 
tvith  all  the  substances  met  with  on  its  surface^  the  following 
experiments  were  made,  which  seem  to  throw  a  much  greater 
lisfht  on  the  cause  of  this  colour. 

One  of  these  bottles.  No.  I.  contained  27  ounces  of  water;  it 
came,  as  the  Prior  expressed  himself,  from  a  snow  which  gene- 
ml]y  covers  in  June  large  tracts  ;  and  which  had  a  bright  rose 
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colour,  like  lake ;  it  had  been  covered  with  freah  snow  at  the 
time  when  it  was  collected,  and  did  not  show  upon  its  surface 
any  substance  foreign  to  the  colouring  matter.  This  snow  had 
changed  its  colour  in  mciting ;  the  pieces  visibly  becnnie  of  ti 
fainter  colour  before  they  melteci,  merely  by  the  traaaition  to  ii 
higher  degree  of  temperature.  it  covei's  large  spaces  in 
June, 

This  water  was  colourless,  slightly  turbid,  tasteless,  had  a 
smell  analogous  to  that  of  a  small  quantity  of  decayed  veeeto- 
animal  substance^  ;  it  furnished  in  this  state  a  greenish  liquid 
witli  hydrosulphuret  of  ammonia,  and  assumed,  after  the  lapse  of 
some  hours,  a  violet  tint  with  the  inluaion  of  galls  :  it  did  not 
nfiectthe  testpapers;  whevi&lti-ated,itexperieacedffomtheaboTe 
tests  the  same  effects;  it  was  rendered  slightly  turbid  by  oxaliite 
of  ammonia,  and  gave  no  precipitate  with  salts  of  barytes  :  wlien^ 
exposed  to  the  action  of  ebullition  in  an  apparatus  adi^ptad  to 
receive  the  carbonic  acid  gas,  it  gave  but  a  veiy  slight  indication 
of  it :  when  evaporated  to  dryness,  it  yielded  a  small  deliquescent 
residuum,  having  the  properties  of  extractive  matter,  and  emitting 
on  the  coals  a  vege  to -animal  smell. 

The  remainder  left  on  the  filter  by  this  water,  weighed  Q8  grs.; 
in  this  state  it  was  externally  of  a  greyish -violet,  and  iuternally 
it  was  of  a  very  lively  violet-red  colour,  which  the  action  of  the 
air  soon  changed  to  that  of  the  surface.  It  had  penetrated  into 
the  substance  of  the  paper,  and  was  not  to  be  separated  from  it 
without  difficulty.  To  the  touch  it  was  unctuous  ;  it  was  pulve- 
rulent, and  strewed  with  some  thin  filaments  of  vegetable 
substances. 

.  When  exposed  to  the  action  of  alcahol  with  the  aid  of  heat,  it 
gave  a  tincture,  of  a  deep  purplish-yellow,  and  required  several 
successive  boihngjs  with  fresh  alcohol  before  it  ceased  to  colour 
it :  the  loss  which  it  experienced  by  the  solution  of  the  coioiirinE 
principle  was  found  to  be  the  aarae  as  that  mentioned  by  i(.  de 
Saussure. 

The  spirituous  liquids  united  yielded  by  distillation  a  colourless 
alcohol,  having  no  extraneous  taste,  the  last  purtions  of  which, 
being  evaporated  to  dryness,  left  on  the  sides  of  the  capsule  a 
layer  of  a  safiron-yellow,  traversed  by  greenish  dcndiitic  raaiifi- 
cations. 

This  yellow  substance  had  an  acrid  taste ;  when  thrown  on 
burning  coals,  it  emitted  a  smoke  that  had  iv  smell  like  burnt 
si^ar,  which  was  presumed  to  come  from  the  alcohol:  it  was 
insoluble  in  water;  but  soluble  in  alcohel,  ether,  oil,  the  pure 
alLalinc  solutions,  and  chlorine;  this  last  liquid  destroyed  it* 
colour  in  dissolving  it.  These  properties,  belonging  to  reslnoaa 
substances,  very  well  explain  its  nature. 

Ten  parts  of  the  residue  lell  by  the  water,  strongly  heated,, 
emitted  a  copious  smoke,  with  the  smt-ll  of  aninia!  siiCMtar.ccrs  in 
combustion,  and  left  a  residue  of  a  pale-red,  v.'ith  a  loss  uf  34. 
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Twenty-five  parts  of  this  residue^  treated  by  nitro-muriatic  acid 
were  found  to  pe  composed  of 

Siliceous  substance  . .  •  •  14*  18*^ 

Peroxide  of  iron 3'26  I  mu     •  r  ^r. 

Alumina 1-76    ^«  ."V?f  ^<^  °(  'J« 

weight  can  only  be 


Chalk 0-10> 

Resinous  principle 3*20 

Organic  dittOi 2*26 

Ditto,  ditto,  soluble . .  • .  1  'TS^ 

26-48 


ascribed  to  the  in- 
terposed water. 


The  water  in  the  bottle  No.  II.  was  from  a  red  snow,  which  is 
met  with  on  the  edge  of  the  great  masses  of  white  snow ;  its 
colour  was  not  so  bright  as  that  of  No.  I.  and  it  did  not  change 
in  melting. 

This  water,  of  which  there  was  but  a  small  cjuantity,  was  con- 
tained in  a  narrow  bottle,  the  sixth  part  of  which  was  filled  with 
a  brown  and  heavy  deposit :  when  filtered,  it  retained  a  bright 
yellow  colour,  and  left  a  residue,  weighing,  when  dry,  48  grs. 

This  water  stained  the  test  papers  red,  by  the  effect  of  the 
carbonic  acid ;  it  gave,  with  the  above-mentioned  tests,  liquids 
more  coloured  than  that  of  No.  I.  and  the  oxalate  of  ammonia 
acted  more  powerfully  upon  it. 

The  residue  had  a  brown  tint ;  it  was  rough  to  the  touch,  and 
sprinkled  with  small  fragments  of  rock  crystal:  alcohol  and 
water  had  no  sensible  effect  on  it ;  the  first  furnished  by  its  eva- 
poration a  small  quantity  of  a  yellow  tincture  ;  exposed  to  a 
brisk  heat,  it  emitted  neither  smoke  nor  smell ;  treated  by  nitro- 
muriatic  acid,  25  parts  were  composed  of 

Silex..    1-25 

Peroxide  of  iron 12-34 

Chalk 0-20 

Organic  substance  and  water.  10*00 

23-79 

The  results  of  these  different  analyses  seem  to  indicate  that  the 
red  colour  of  the  snow  found  in  summer  on  some  elevated  parts  of 
the  Alps,  arises  from  two  different  causes ;  viz.  first,  from  a  greater 
or  less  quantity  of  oxide  of  iron  spread  over  its  surface  in  a  very 
great  state  of  division,  and  in  a  very  high  degree  of  oxidation  ; 
secondly,  from  a  resinous  vegetable  principle,  of  an  orange- 
red  colour,  belonging,  according  to  all  appearance,  to  some 
cryptogamous  plant  of  the  genus  alga,  or  lichen.  And  as 
nature  presents  us  with  a  very  great  number  of  vegetables  in 
which  iron  exists  in  pretty  large  quantity,  it  does  not  seem  to  be  an 
inadiriissible  suppo{>ition,  that  this  iron  formed,  perhaps,  one  of 
the  immediate  principles  of  the  vegetables  in  question,  of  which 
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J  820.]  Ike  RedSnow  o/ilie  Environs  of  Mount  St.  Bernard.  4i 
only  the  fragments  are  found^  and  tiiat,  in  conjunction  with  the 
resinous  principle,  it  is  the  direct  cause  of  the  colour.  The  pro- 
portions in  nhich  this  metal  is  found,  in  these  four  analyses  in  lOO 
farts  of  the  residue,  are : 

Residue,  No.  I 21-35 

. No.  II 31-25 

Water,  No.  I 12-00 

No.  II 49-36 


Meteorological  Journal  kept  at  Manchester  for  1819. 
By  Mr.  T.  Hanson.    (With  a  Plate.   See  CV.) 

(To  Dr.  Thomson.) 

SIR,  llIancAeila;  Marck  6, 

Enclosed  I  have  sent  you  my  annual  results  of  the  weather 
for  the  past  year ;  also  the  results  for  the  month  of  January, 
accompanied  with  a  chart  of  the  daily  notations. 

To  the  mrfteorologiat,  the  chart  scarcely  needs  any  elucidation. 
The  first  and  second  horizontal  spaces  from  the  top  are  allotted 
for  the  days  of  the  month  and  moon's  age  ;  the  five  following  are 
for  fog,  rain,  snow,  hail,  and  thunder,  as  marked  in  the  mai^in. 

The  spaces  are  darkened  iu  proportion  to  the  duration  of  the- 
above  occurrences,  paying  attention  to  the  time  of  the  day  or 
night. 

file  course  and  strength  of  the  wind  by  curves,  with  respect 
to  the  wind's  force,  0,  is  considered  a  calm  :  1,  a  gentle  vnndj, 
"S,  a  little  stronger ;  3,  a  strong  wind;  and  4,  a  boisterous  wind, 
-or  a  hurricane. 

With  respect  to  the  barometrical  curve,  I  have  depicted  thn 
real  oscillations  of  the  atmosphere  as  accurate  as  circumstances 
would  allow. 

The  curve  of  temperature  is  formed  from  the  daily  extremes 
registered  by  a  Six's  thermometer.  As  the  coldest  part  of  the 
■day  is  generally  about  an  hour  or  two  before  sim-rise,  and  ther. 
warmest  about  two  o'clock  in  the  afternoon,  tliose  points  in  the 
<hartdenotingthoseperiods  of  the  dayare  carefully  no  ted.  SomeV 
"times  the  extremes  of  temperature  otnerwise  happen,  particularly 
on  the  breaking  up  of  a  frost,  or  the  setting  ia  of  one;  whenthtft 
is  the  case,  the  time  is  accordingly  noted. 

The  left  side  of  each  daily  peipendicular  space  denotes  thtt 
aiorniug,  and  tlie  right  the  evening. 

I  am,  Sir,  your  most  obedient  servant, 

TuOMAaliAJKSOK, 


^H  Mr.Hmuoi^tMettorologicalJourualforMiiackesler.  pvK^ 
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1820.]  Mr.  Hanson's  MeteorohgicalJoiirtintfor  MaiH-keiter.     42( 

The  annual  mean  pressure  of  the  atiBospbere  ie  2y-CS  iiickeB! 
highest,  30'34,  which  was  on  Jan.  1,  and  on  Sept.  21 ;  lowealj 
28-7fi,  wliich  occnrFedon  Jan.  15;  ditlerence  of  these  e.vtremeft] 
1-58  inch,  which  is  considerably  below  the  iiaual  range.  Th| 
mean  daily  curve  of  the  atmospheiical  oscillations,  as  shown  bg 
the  barometrical  smlace,  measures  a  httle  more  than  37  incbeBi^ 
Total  number  of  changes,  116, 

The  aiuiual  roean  temperature  is  nearlv  51°;  the  mean  of  tbf 
first  three  months,  42-9°;  second,  55-4°  ;  tliird,  62-4° ;  fourtjl 
42-1°:  of  the  six  winter  months,  42-5°;  six  summer  moathi 
rtS-9°.  The  raaxMDum  of  80°  occurred  on  July  .30 ;  and  tl^ 
Biiniraum  of  20°  on  Dec.  10.     Difference  of  the  extremes,  60°. 

The  fall  of  rain,  hail,  snow,  and  sleet,  whicii  have  fallen  in  aM 
about  Manchester  is  a  trifle  more  than  35  incites.  The  o;reate8 
quantities  of  rain  fell  in  January,  February,  October,  and  J^eeem 
ber;  aud  the  least  in  May.  The  notations  in  the  above  r»' 
ctrfumn  for  November  and  December  have  been  fui'iiished  r 
by  my  friend  Mr.  John  Dalton,  My  observations  in  tlio 
months  were  incorrect,  in  oonseqnence  of  the  frost  breakins  ti^ 
bottle  in  the  early  port  of  November.  A  similar  accident  hap 
pened  in  December.     Mr.  Dalton  makes  the  annual  fall  of  rai 

Sic.  35-240  inches.     Total  number  of  wet  days  on  which  rain  £ 

aore  or  less,  215 ;  out  of  this  number,  48  may  be  deaignatw 
completely  wet.  , 

The  south-west,  south-east,  and  north-west,  have  been  th< 
prevailing  winds.  Strong  or  boi.sterou3  winds  have  rarely  occtm 
led  ;  out  of  nine  instances  on  whicli  brisk  winds  were  noted 
eight  blew  in  the  first  four  months  of  the  year.  The  only  boi^ 
tefous  winds  of  the  year  occurred  in  January,  viz.  on  the  IJth, 
iSth,  end  25th,  from  the  west  and  south-west,  Snuw  has  fallen 
on  25  days,  and  had  on  14  days. 

The  reporter  has  only  noted  iWa  instances  of  thunder,  viz.  on 
is  May,  two  in  June,  one  in  July,  and  one  iu  October. 

The  tempemture  of  the  past  year  has  been  generally  above  a 
average,  although  not  marked  with  any  great  elevationa  t 
depressions.  The  following  will  show  the  compai^ative  difiereca 
between  the  monthly  means  of  the  past  year,  aud  the  gcnent 
monthly  means  of  the  12  preceding  yeani. 

Jnn.      Feb.       M«r.    A 

Twelve  years' gfneral  monthly  mean  36-0   40"0  41 -5  46'4  53H 
Monthly  means  in  1819 41-«  41-1   45-5  50-6  f " 

Difference p.5-2p.l-4p.4-0p.41p.2^ 

Juiw,     ,TmW.       Ann,       Sf|H,        Oc(.         Nov.        Drr. 

58-5     fil-4     m-0    56-0    50-0    42-6    37-6 
59-5    04-2     65-8    57-1     50-1     40-6    35-5 


p.1-0  p.2-8  p. 5-8  p.1-1  p.1-0  m.2'iJni.2i 


426  Mr.  Hanson^sMeteorologicalJournalf or  Mane/tester,  [Junb^ 

General  annual  mean  temperature  upon  the  12  years,  48*7. 
Annual  mean  of  the  past  year,  60'7 ;  difference  2°  above  the 
general  mean.  From  the  above  it  appears,  that  the  temperature 
of  1819  has  been  uniformly  above  the  general  temperature^ 
-except  in  November  and  December.  The  greatest  differences 
were  in  January,  March,  April,  and  August.  My  friend  Mr. 
Edward  Stelfox,  of  Lymn,  near  Warrington,  has  favoured  me  with 
his  account  of  rain.  Mf.  S.'s  rain-g^uge  is  exactly  the  same  as 
mine,  and  I  can  rely  upon  his  account  as  correct:  his  farm, 
adjoins  the  rivers  Mersey  and  Bollin,  and  is  very  much  subject 
to  be  flooded.  In  January  there  fell  3*224  inches ;  February,. 
3-013 ;  March,  1-362 ;  April,  1-988  ;  May,  2«035  ;  June,  2-641  ; 
July,  2-649;  August,  1-497  ;  September,  1-695;  October,  3-030; 
November,  1-881 ;  December,  4-300  inches :  total,  29-30S 
inches.  Mr.  Stelfox  says,  that  the  snow  which  fell  on  the  night 
of  Dec.  29  and  the  following  day  measured  eight  inches  in  depth. 
He  observed  the  temperature  on  the  mornings  of  Dec.  10  and  13 
:to  be  19°. 

Results  of  the  Weather »    (See  the  accompanying  chart.) 

Barometrical  Pressure. — Mean,  29*72;  highest,  30-64;  lowest^ 
28-60 ;  range,  2-04  ;  greatest  variation  in  24  hours,  1 ;  mean 
'daily  spaces  in  inches,  5*5  ;  number  of  changes,  8  ;  real  spaces: 
in  inches,  8*8  ;  real  number  of  changes,  20. 

Temperature. — Mean,  32*6;  highest,  53;  lowest,  13;  range, 
40 ;  greatest  variation  in  24  hours,  19. 

Rairif  S^c. — 1-075  inch  ;  number  of  wet  days,  7;  foggy,  21; 
snowy,  14  ;  haily,  0. 

Winds, — North,  0 ;  north-east,  2  ;  east,  7  ;  south-east,  6 ; 
south,  4  ;  south-west,  5  ;  west,  0 ;  north-west,  2  ;  variable,  5  ; 
calm,  0  ;  brisk,  1 ;  boisterous,  1 . 

The  greatest  daily  variation  of  the  barometer  took  place  oa 
the  19th,  accompanied  with  fog,  rain,  and  snow,  and  was  pre- 
«ceded  by  a  boisterous  north-east  wind,  which  drifted  the  falling 
snow  very  much.  It  was  on  this  day  that  the  lowest  state  of  the 
pressure  occurred. 

The  reporter  has  been  particujarly  attentive  to  the  barometri- 
cal oscillations  during  the  above  period.  There  have  been  20 
changes ;  that  is,  risings  and  falls ;  and  the  mercurial  surface  has 
risen  and  fallen  nearly  nine  inches.  The  monthly  mean  is  a 
little  more  than  a  general  mean :  the  highest  extreme  was  on 
the  evening  of  the  8th,  attended  with  an  east  wind  and  a  little 
snow.  The  temperature  during  the  first  three  weeks  averaged 
28-6° ;  fourth  week,  40*5°.  On  the  morning  of  the  1st,  and 
during  part  of  the  forenoon,  the  temperature  was  19°  below 
freezing ;  and  in  some  exposed  situations,  it  is  said  to  have  beea 
as  low  as  9°,  or  22°,  under  freezing.  On  the  breaking  up  of  the 
frost  about  the  20th,  the  ice  was  noticed  in  some  places  about  18 
inches  thick;    and  where  the   ground   was  nearly  free  from 


.]  Dr.  Young  on  the  Ligature  of  the  Curoiid  Arteries.  42?' 
snow,  the  frost  penetrated  about  14  or  la  inches  below  tha 
surface. 

The  weather  was  extremely  foggy,-  and  snow  fell  copiously ,i 
with  a  gradual  rising  of  the  barometer  during  the  first  week.* 
The  mean  daily  temperature  generally  fluctuated  between  20"- 
and  30°  till  the  20th,  when  there  was  a  great  rise  as  alrea^ 
observed  in  the  fourUi  week.  The  maximum  of  53°  took  placa 
about  two  o'clock  on  the  28th ;  in  the  course  of  the  foliowingi 
night,  the  temperature  fell  to  34°,  which  marked  the  greatest! 
daily  variation  for  the  month.  , 

The  east  and  south-east  have  been  the  prevailing  winds ;  thai 
brisk  winds  were  variable ;  and  the  boisterous  one  from  the  north-" 
east. 


On  the  Ligature  of  the  Carotid  Arteries  as  a  Remedi/for  Deter- 
niituitioti  of  Blood  to  the  Head.    By  C.  R.  Youiig,  M.D. 

The  tying  of  the  carotid  arteries  in  order  to  moderate  i 
determination  of  blood  to  the  head  seems  at  once  so  simple  nnq_ 
obvious  a  remedy  for  this  disorder,  that  1  am  inclined  to  think  i^ 
must  have  suggested  itself  long  ago  to  the  faculty,  and  thaifc 
some  weighty  reasons  can  be  opposed  against  the  employment. 
of  it ;  or  that  it  has  been  already  tried  and  rejected  for  specif 
reasons.  But  as  my  reading  aud  information  are  not  sufficient 
to  assure  me  of  these  facts,  1  venture  to  make  the  proposal  with; 
a  due  sense  of  my  own  ignoraace  and  inexperience,  and  with) 
every  sentiment  of  respect  and  deference  for  the  wisdom  ancb 
knowledge  of  others. 

There  is,  I  believe,  in  all  or  most  graminivorous  animals,  whiclt 
are  forced  to  procure  their  food  by  grazing  with  their  heada 
much  lower  than  the  rest  of  their  bodies,  a  piece  of  structure  in 
those  arteries  which  corresponds  to  the  carotids  in  the  humai^ 
species,  by  which  the  determination  of  the  blood  to  the  heads 
of  these  animals  is  prevented  ;  for  considering  the  time  which. 
they  employ  in  taking  in  their  food,  this  affection  could  hardly, 
fail  to  occur  in  them  were  no  such  apparatus  furnished  by  nature^; 
This  consists  in  a  convolution  of  the  arteries,  by  which  the  impe-< 
tus  of  the  blood  coming  from  the  heart  must  be  much  broken, 
IS'ow  is  it  not  reasonable  to  expect  that  if  by  any  means  we  could 
imitate  this  device  of  nature,  in  cases  of  determination  of  bloo^^ 
to  the  head  in  the  human  species,  that  a  beneficial  result  migb 
be  obtained  ?  Let  ns  suppose  that  oue  of  the  carotid  arteries 
were  tied  (for  as  in  many  cases  there  is  evidence  of  a  mudl 
stronger  determinatioa  to  one  hemisphere  of  the  brain  than  to  tlw 


428  Dr.  Youtig  on  the  Ligature  of  the  Carotid  Arteries.  [Jc  N£, 

other,  it  might  be  suffi9ient  to  tie  the  artery  of  the  affected  side 
only),  and  uiat  the  blood  was  forced  into  a  longer  and  more 
circuitous  course  by  the  anastomosing  branches;  the  arteries 
and  veins  may  have  lost  their  natural  tone  and  calibre^  and 
eventually  no  doubt  the  anastomosing  branches  themselves 
would  become  expanded  and  enlarged  so  as  to  admit  as  much 
Uood  to  the  brain  as  formerly  ;  yet  the  tortuous  course  of  the 
arteries  would  probably  much  diminish  the  vis  a  tergo,  and 
deaden  the  impulse  of  the  blood  coming  from  the  heart ;  so  that 
a  powerfully  co-operating  remedy  might  be  obtained  in  addition 
to  those  generally  used. 

Of  late,  the  operation  of  tying  the  carotids  for  aneurism  has 
been  successfully  employed.  I  have  not  the  advantage  myself 
of  knowing  what  phenomena  have  resulted  from  the  operation 
with  respect  to  the  circulation  of  the  blood  in  the  heaci.  As  I 
believe  it  is  a  rule  not  to  perform  the  operation  until  the  anasto- 
mosing branches  are  sufficiently  expanded  to  carry  on  the  circu- 
lation, after  the  main  artery  has  been  closed,  the  case  will  not 
be  in  point;  but  probably  muct^  might  be  learned  from  an 
attentive  observance  of  such  cases.  It  is  very  rash  to  form  a 
jpriori  conclusions  upon  the  effects  of  operations  which  have 
never  been  performed,  more  especially  wnere  so  delicate  and 
mysterious  an  organ  as  the  brain  is  concerned.  It  is  likely, 
■however,  that  if  both  carotids  were  tied  even  where  an  inordi- 
nate distension  of  the  blood-vessels  of  the  brain  had  before 
occurred,  that  the  flow  of  blood  would  at  first  be  so  much 
impeded  that  the  patient  might  fall  into  the  opposite  extreme, 
and  that  fainting,  or  some  affection  arising  fioni  the  presence  of 
too  small  a  quantity  of  blood  in  the  head,  would  supervene. 
But  this  evil  would  only  be  temporary ;  and  there  are  fortunately 
plenty  of  remedies  for  it  much  more  efficacious  than  those  now 
in  use  for  the  opposite  affection.  As  most  nervous  diseases  are 
supposed  either  to  be  connected  with,  or  produced  or  aggravated 
by,  a  determination  of  blood  to  the  head,  I  hope  we  may  at 
length  be  enabled  to  discover  some  adequate  means  of  sub- 
duing and  keeping  down  these  obstinate  and  imtractable 
maladies. 


1620.]  Dr.  Bitmi'i/'s  Meleoiohgica/ Journal hepl  al  Gonpnrt.  4! 
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ANNUAL  RESULTS. 

Barometer. 


)rt.    43^ 


Inchn 
Createst  barometric  pressure.  Sept,  2L     Wind,  N.E.  . ,  30'60 

Least  ditto,  April  16.     Wind,  S 29-09 , 

Extreme  range  of  the  mercury 1-41 

Annual  mean  barometric  pressure    29'88f 

Ditt.1  ditto  at  8,  a.  m 29-87( 

Ditto  ditto  at  2,  p.  m 29-871 

Ditto  ditto  at  8  p.  m 29-87' 

Mean  pressure  for  1 90days,  with  the  moon  inN.  declination  29'Pl  1 
Mean  pressure  for  175days,withthemooniaS.  declination  29-85! 

Greatest  range  of  the  mercury  in  January 1-2" 

I.east  range  of  the  mercury  in  June 0-6 

Greatest  variation  in  24  hours  in  February O'S 

Least  variadon  in  24  hours  in  September 0'34( 

Spaces  described  by  the  rising  and  falling  of  the  mercury  65-19fl 
Uumber  of  changes  caused  by  the  variations  in  the  weight 

of  the  atmospheric  column 28( 

Thermometer. 


Greatest  cold,  Dec.  29.     Wind,  N 15-00 

Extreme  range  of  the  thermometer 68-00 

Annual  mean  temperature  ot  the  atmosphere 52-10 

Ditto  ditto  at  8  a.  m 50-53 

Ditto  ditto  at  2  p.  ra 57-62 

Ditto  ditto  at  8  p.m 50-84 

Greatest  range  in  October 3900 

I^ast  range  m  January  and  March 25'0O 

Annual  mean  range  32-33 

Greatest  variation  in  24  hours  in  June 30-00 

Least  variation  in  24  hours  in  January 17'00 

De  Lnc's  Whalehoiie  Hygrometer. 

Greatest  humidity  of  the  atmosphere  several  times lOO-O*" 

Greatest  dryness  of  ditto,  Sept.  1.     Wind,  N.W 39-0 

Extreme  range  of  the  index 61"0 

Annual  mean  state  of  the  hygrometer  at  8  ar.  m 76-3 

Ditto  ditto  at  8  p.m , 77-1 

Ditto  ditto  at  2  p.m 67-8 

Ditto  ditto  at  8,  2,  and  8  o'clock 73'7 

Greatest  mean  humidity  of  the  atmosphere  in  Dec 81-7 

Greatest  mean  dryness  of  the  atmosphere  in  May ,  66'" 
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Prevailing  Winds 

From  north  to  north-east •  • 45^ 

From  north-east  to  east • 24 

From  east  to  south-east 49-i- 

From  south-east  to  south 29 

From  south  to  south-west. S5 

Fit)m  south-west  to  west •  •  34|. 

From  west  to  «orth-west 87^ 

From  n€wth-w«st  to  north. €0 

365" 

Clouds,  agreeably  to  the  Nomenclature. 

Cirrus 209 

Cirrocuoiulus  .  • « 199 

Cirrostratus • */....  294 

Stratus  ..,...• • ^...  39 

Cumulus .  ....•«,... • .  • .•.••....  216 

Cumulostratus  . » 188 

JVimbua • . . .  • • 189 

A  Summary  of  the  Wtather, 

Davs. 

« 

A  transparent  atmosphere,  without  clouds 33^ 

Fair,  with  various  modifications  of  clouds 164 

An  overcast  sky,  without  rain 66 

Fo?.-: Si- 
Ram,  hail,  sleet,  and  snow • 99 

36S 

Atmospheric  Phenomena, 

Nttwlier. 

Anthelia,  or  mock-suns,  nearly  opposite  to  the  real  sun.  • .  7 

Parhelia,  or  mock-suns 58 

Paraselenae,  or  mock-moons 7 

Solar  halos .  • < '  *  32 

Lunar  halos • * 25 

Rainbows,  perfect  . 18 

Small  meteors,  commonly  called  shooting  stars 121 

Aurora  Borealis,  Oct.  17,  in  the  evening 1 

Lightning,  days  on  which  it  has  occurred 16 

Thunder,  ditto  ditto , , 12 

Evaporation, 

Incbn. 

Greatest  quantity  in  August.  •  • 5'15 

Least  quantity  in  January 0*55 

Total  quantity  for  the  year  • 31'26 


f 
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Eai,,,  I,,. 

TeEitest  quantity  in  January , ^L^ 

Least  quantity  in  August ^5S- 

Total  quantity  fur  the  year 33-1 

N.B.  The  barometer  is  hung  up  in  the  observatory,  about  30 
feet  above  hi^h-water  mark ;  ana  the  self-registering  horizontal 
day  and  night  thermometer,  and  De  Luc's  whalebone  hygroma 
ter,  are  placed  in  open-worked  cases  near  a  wall,  in  a  northera 
aspect,  out  of  the  sun's  rays,  and  10  feet  above  the  level  of  thv 
garden.  The  pluviameter  and  &vaporator  have  respecUvety  wl 
area  of  six  inches  square  :  the  former  ia  emptied  every  moraii^ 
at  eight,  a.m.  after  rain  has  fallen  into  a  cybndrical  class  gaum 
accurately  graduated  to  T-jirt''  P^^  of  an  inch ;  and  tie  quautitj- 
evaporated  from  the  latter  is  ascertained  every  third  day. 

Barometric  Pressure. — Thinking  the  barometer  would 
higher  while  the  moon  was  in  north  declination  than  when  sbm 
was  in  south  decHnation,  we  separated  the  time,  and  found  tha 
mean  barometric  pressure  during  her  north  declination  this  year 
in  favour  of  our  conjecture :  but  as  the  difference,  while  in  tha 
northern  part  of  her  orbit,  amounts  only  to  -jV^  '^^  ^"  inch,  wa 
are  theretore  inclined  to  think  that,  m  a  local  point  of  viewx, 
nothing  satisfactory  to  meteorology  can  be  drawn  from  thi* 
experiment ;  although  it  has  recently  been  suspected  by  meteo- 
rologists that  the  moon  has  much  more  influence  on  the  earth's 
atmosphere  in  one  part  of  her  orbit  than  in  the  other.  If  futurtt 
results  should  be  found  to  decide  the  question,  they  must,  w» 
think,  accrue  from  a  series  of  combined  barometric  observationat 
in  many  distant  places  both  in  north  and  south  latitude.  Baft' 
ontil  observations  of  this  sort  be  more  generally  and  veiy  regit- 
larly  made  in  many  favourable  places,  it  is  probable  that  tho, 
question  wilt  remain  unsolved.  In  observations  that  may  ba 
made  to  determine  it,  the  precise  state  of  the  winds,  morning 
afternoon  and  night,  should  be  particularly  registered,  and  ftoia.' 
a  high  vane,  as  a  great  deal  will  depend  upon  the  prevalence  ot 
■westerly  and  southerly  winds,  which  are  found  to  diminish  tha 
weight  of  the  atmospheric  column,  and  consequently  shorten  th« 
barometric  or  mercurial  column,  in  whatever  part  of  her  orbit  tfa» 
moon  may  be  in  at  the  time.  The  annual  mean  barometrit 
pressure  this  year  agrees  exactly  with  that  for  the  preceding 
year,  as  shown  in  the  table. 

Temperature. — The  mean  temperature  of  Gosport  for  the  laaCf 
two  prohficyearsis  1-^°  more  thaninl817;  but  the  maximiimaai- 
minimum  temperatures  for  1819  are  respectively  8°  lower  thast 
that  of  1818.  The  mean  of  the  observations  taken  at  eigh^, 
a.  m.  and  eight,  p.  m.  is  nearly  1°,  and  the  mean  of  those  taKcoL 
at  two,  p.m.  l-fciS'^  less  this  year  than  last;  yet  there  is  i 
B   Vol  XV.  N°  VI.  2  E 
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coincidence  between  the  means  at  eight,  a.m.  and  eight,  p.m.. 
ibr  either,  or  for  both  the  years  together.  The  same  may  be  said, 
of  the  mean  barometric  pressure  at  those  times. 
*  Humidity  of  the  Atmosphere, — By  accurate  observations  made 
yn€i  De  Luc's  whalebone  hygrometer,  the  mean  diurnal  humidity^ 
of  tiie  ambient  air  is  nearly  7*^  greater  this  year  than  the  precea— 
ing;  but  it  will  be  recollected  that  the  latter  part  of  the  spring,  and 
both  the  summer  and  autumn  of  1818  were  unusually  dry  and 
'warm ;  so  much  so  that  the  evaporation  was  one-third  more,  the^ 
&|)th  of  rain  one-third  less,  and  the  modifications  of  clouds  less 
frequent  in  their  appearance  that  year  than  this — ^the^e  circum- 
stances combine  m  establishing  the  fact  of  a  more  vaporous, 
atmosphere,  agreeably  to  the  indications  of  the  instrument. 

Prevailing  ninds. — ^The  variableness  of  the  winds  during 
1S18  and  1819  may  be  seen  in  that  part  of  the  table  containing; 
Ithe  results  of  the  prevailing  winds  ;  but  when  we  compare  the 
xramber  of  davs  they  have  come  from  the  east  of  our  meridian^ 
,  nwith  the  number  from  the  west  of  it,  the  difference  in  the  two 
years'  results  is  only  a  few  days.  The  winds  to  the  eastward  of 
the  meridian  this  year  have  prevailed  148  days,  and  those  to  the 
livestward  of  it  217  days;  difference  in  favour  of  the  latter  6d 
<k^8 ;  and  this  difference  agrees  with  that  of  last  year  within  one 
liay — to  this  may  be  attributed  the  coincidence  of  the  mean 
barometric  pressure.  The  number  of  strong  gales  of  wind  froxn 
ihe  following  points  of  the  compass,  or  rather  the  days  they 
bav€  prevailed,  are  34 ;  namely,  N.  3,  N.E.  1,  E.  5,  S.E.  0„ 
S.  4,  S.W.  9,  W.  9,  and  N.W.  3.— There  being  much  doubt  as. 
to  the  accuracy  of  registering  the  winds  from  the  positions  of  low 
-vanes,  in  consequence  of  the  eddy  and  baflSmg  winds  that 
frequently  prevail  with  the  land  breezes,  from  attractions  and 
obstructions  on  and  near  the  earth,  we  therefore  register  from  a 
3ugh  vane,  and  sometimes  from  the  direct  motions  of  the  lower 
clouds.  The  propriety  of  this  method  we  urged  in  our  last 
Annual  Meteorological  Results,  published  in  the  Annah  of  Phi'' 
losophy.  The  state  of  the  winds  this  year,  as  well  as  last,  was* 
drawn  up  from  three  observations  each  day,  as  well  as  fi'om. 
frequent  observations  in  the  nights,  according  to  the  precise 
duration  of  each  wind. 

Clouds. — ^The  last  table  contains  the  number  of  days  on  which 
:the  various  modifications  of  clouds  have  appeared,  and  some  of 
iihem  by  night  as  well  as  by  day.  The  cirmstratus  cloud,  ia 
fccmsequence  of  the  humidity  ^(  the  atmosphere,  has  appeared 
iDOst;  and  the  stratus^  wnich  is  confined  in  its  appearanee 
cfasefiy  to  autumn,  the  least,  as  is  usual.  The  cumulostratus  and 
Jibe  nimbus  are  nearly  even  in  numbers ;  and  also  the  cirrusi  and 
^cumulus.  The  cirrocumulus  cloud,*  whether  in  elevated  round 
Jbcks^  or  attenuated  beds,  is  characteristic  of  a  rising  tempera- 
tinre  soon  after  its  appearance,  but  mostly  on4:he  subsequent dajr^ 
^e  cirrm  And  cirrostratus  presage  a  falling  temperature. 
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and  wind  ;  but  the  stratus  and  cumulus  generally  indicate  fair 
weather  for  the  time  of  their  app  earn  nee.  The  cumnhstratusi; 
even  by  inosculation,  seldom  passes  to  a  iii.nhus,  or  rain  ctoad, 
unless  an  extensive  cirrus  should  happen  to  unite  with  it  in  its 
descent.  The  cumulus,  whose  appearance  is  confined  to  the  day, 
is  formed  by  a  collection  of  vapours  rising_  out  of  marshes, 
rivers,  &c. ;  it  generally  rises  in  an  hemispheric  form,  moves  in 
the  direction  of  the  wind,  and  often  evaporates  perceptibly  after 
sunset  in  calm  weather.  It  is  probable  that  the  nascent  cumulia 
is  sometimes  formed  by  the  rarefaction  of  the  stratus  in  faic- 
weather.  Tlie  lofty  cumulus  too  has  often  been  seen  to  transform 
itaelfinto  a  cirrocumulus.  The  drrostratus  is  formed  by  descead- 
in"  ciiTW,  or  cirrocumulus,  and  sometimes  comes  down  so  low^ 
as  to  sweep  the  surrounding  hilla  :  when  stationary  and  attenu- 
ated, it  often  resolves  into  dew  after  sunset.  Such  is  our  short 
butpractical  view  of  the  nomenclature  of  clouds. 

Weather. — ^The  most  remarkable  difference  of  the  two  years." 
results  under  this  head  is  in  the  number  of  completely  overcast 
days  and  nights,  being  28  more  this  year  than  last ;  and  the> 
clear  or  cloudless  days  imd  nights  are  eight  less.  Here  it  ia;"^ 
necessary  to  explain  the  method  by  which  the  exact  number  of' 
days,  under  the  respective  divisions  of  weather,  was  ascertained. 
It  was  done  thus :  if  a  cloudless  day  happened,  and  the  sky  wa« 
not  clear,  or  free  from  clouds  at  night,  only  half  the  day  was 
accounted  for  as  being  clear ;  the  same  regard  to  time  was  paid 
to  the  continuance  of  rain,  &c.  If  the  day  happened  to  be  fair,. 
with  sunshine  and  clouds,  and  the  sky  overcast  at  night,  the- 
time  was  equally  divided  under  those  heads. 

Atmospheric  Phenomena, — The  most  striking  difference  in  tha- 
results  of  the  atmospheric  phenomena  for  the  last  two  years,  is  iiK 
the  number  of  meteors  (some  of  them  of  a  large  size) ;  of  121,^ 
no  less  than  95  appeared  in  the  evenings  of  July,  August,  ana  ' 
September,  the  three  hottest  months  in  this  year.  It  may,' 
therefore,  be  inferred,  that  they  are  generated  by  heat  in  an 
atmosphere  highly  charged  with  electric  matter.  There  is, 
however,  a  material  difference  in  the  quality  of  meteors,  which 
may  be  determined  chiefly  by  their  colours,  apparent  densities, 
and  altitudes. 

Evaporatiou. — The  quantity  evaporated  this  year  is  not  so 
great  as  it  was  last  by  IS^  inches  ;  nor  does  it  amount  to  sa 
much  as  the  depth  of  rain,  &c.  by  2"07  inches ;  consequently 
the  ground  at  the  close  of  the  year  must  have  been  in  a  moiBb 
state. 

Variation  of  the  Magnetic  Needle  —From  the  mean  of  daily 
observations  on  the  magnetic  needle  this  year,  it  has  been  found 
to  decrease  about  2'  in  its  western  course,  compared  with  obsei^ 
vations  made  last  year ;  but  whether  this  recession  will  be  pro- 
gressive is  a  question  of  no  small  importance,  and  which  murt  be-, 
2  e2  * 
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decided  by  further  observations ;  if  so,  the  magnetic  needle  may 
be  said  to  have  arrived  at  its  maximum  variation  westward.  The 
mean  variation  of  the  magnetic  needle  at  the  close  of  1819 
24^  36^.'  W. 


Article  VII. 

Description  of  an  XJrinarif  Calculus  y  composed  of  the  Lit  hate  or 
Urate  of  Ammonia.    By  William  Prout,  M.D.  F.R.S.* 

M.  FouRCROY  had  stated  that  the  lithate  of  ammonia  not^ 
only  frequently  enters  into  the  composition  of  uryiary  calcnliy 
but  sometimes  constitutes  entire  concretions.t  Mr.  Brande, 
some  years  afterwards^  called  this  statement  in  question,  and 
was  induced  to  conclude  from  his  experiments,  ''  that  no  sub- 
stance which  can  be  called  urate  of  ammonia  exists  in  calculi."  J 
In  this  latter  opinion  I  believe  most  British  chemists  have  acqui- 
iesced,  and  Dr.  Marcet,  in  his  recent  work  on  this  subject, 
observes,  "  the  presence  of  this  substance  (lithate  of  ammonia) 
in  urinary  calculi  I  still  think  very  doubtful,  especially  because, 
since  it  is  so  easily  discoverable  in  the  excrements  of  the  boa 
constrictor,  it  is  not  probable  that  the  English  chemists  would 
have  overlooked  it  so  long  in  the  human  calculi,  which  they  have 
so  often  and  so  successfully  submitted  to  chemical  examination."^ 

From  these  decided  opinions  of  such  eminent  chemists,  we  must 
conclude  that  this  variety  of  calculus  is  extremely  rare :  to  obviate, 
however,  the  belief  that  it  does  not  exist  at  all,  I  have  been 
induced  to  draw  up  the  present  account,  the  object  of  which  is 
to  describe  a  calculus  composed  almost  entirely  of  the  substance 
in  question. 

This  calculus,  for  which  I  am  indebted  to  my  friend  Dr.  Elliot- 
son,  was  extracted  in  April  last  by  Mr,  Cline,  jun.  from  a  boy 
about  two  years  of  age,  in  St.  Thomas's  Hospital :  when  entire, 
it  weighed  about  60  grs. ;  its  general  shape  was  ovoid  a  little 
flattened ;  its  external  surface  was  smooth,  and  of  a  greenish- 
clay  colour  (corresponding  nearly  to  the  wax-yellow  of  Werner.  ||) 
It  was  composed  of  thin  concentric  layers,  easily  separable  from 
one  another,  and  readily  breaking  into  sharp  angular  pieces,  with 
a  compact  earthy  fracture.  Its  general  colour  internally  diflPered 
both  in  shade  and  intensity  from  that  of  its  external  surface  :  it 
might  be  denominated  a  pale  reddish  clay  colour  (corresponding 

•  From  the  Mcdico-chlrur{>;ical  Transaction^,  7ol.  x.  p.  389. 
f  Sysi^medes  Connaissajces  Chimiques, tom.x.  p.  S24. 
"^  Phil.  Trans,  vol.  xcviii.  p.  231. 

^  Essay  on  the  Chemical  History  and  Medical  Treatment  of  Calculous  Disor- 
ders, p.  140,  first  edition.   See  also  Dr.  Hcnry^s  paper  in  the  present  volume^p.  ICT. 
II  See  Werner's  Nomenclature  of  Colours,  by  Patrick  Syme. 


|PH)' 


,]  cumpused  of  the  hithate  of  Ammonia.  437 

nearly  to  the  wood-brou-n  of  Werner.*)  The  difteient  layers, 
however,  differed  somewhat  in  intensity,  which  caused  the  lami- 
nated structure  to  be  visible  to  the  eye.  Between  some  of  the 
layers  also  there  were  miuute  depositions  of  the  earthy  phoa^ 
phates,  which  render  tliis  structure  still  more  sensible.  TTie 
nucleus  exhibited  the  same  general  appearance  as  the  rest  of  the 
calculus,  except  that  it  appeared  to  be  made  up  of  a  fine  powder 
and' a  few  larger  grains,  loosely  agglutinated  togetlier. 

It  was  sparingly  soluble  in  cO'ld  water,+  but  it  dissolved  readify 
in  boiling  water  (especially  when  in  a  state  of  fine  powder), 
requiring  only  about  300  times  its  weight  for  that  purpose,  Oa 
cooling,  tlie  calculous  matter  did  not  immediately  separate,  but 
afttr  some  days  a  great  part  of  it  was  deposited^ 

It  readily  dissolved  in  solutions  of  the  fixed  alkalies,  and  at  the 
same  time  a  strong  smell  of  ammonia  was  exhaled.  When' 
muriatic  acid  was  added  to  this  solution,  lithic  acid  was  preci- 
pitated. 

In  nitric  acid  it  dissolved  readily,  especially  with  the  assist- 
ance of  heat,  exhibiting  the  same  phenomena  as  hihic  acid  when 
similarly  tieated. 

Muriatic  acid,  in  which  it  had  been  digested,  was  found  to  be 
converted  into  muriate  of  ammonia. 

Exposed  to  the  action  of  heat  by  means  of  the  blow-pipe,  it 
decrepitated  so  strongly  that  it  was  difliciilt  to  ascertain  the 
effects  produced  by  this  agent.  When  reduced  to  powder,  and 
exposed  to  beat,  it  first  appeared  to  give  off  ammonia,  and  after- 
wards tobm'ii  with  the  same  phenomena  aslitliic  acid.  It  left  a.' 
siinute  residuum,  which  strongly  reddened  turmeric  paper,  and 
appeared  to  consist  partly  of  lime  (and  alkali),  and  partly  of  the 
earthy  phosphates. 

From  these  properties  it  is  evident  that  this  calculus  consisted 
principally  of  the  lithate  of  amn:iouia,  % 


Bnl  thr  mlcKliiK  nhuve  dncrlbcil  nas  ruuud  In  Iif  tnmeHhnl  Ipes  EOlublt  iban  llllc 
atilMiaiii'i',  jirnliitbly  iin  ncrount  of  lit  caiu]>ac)(luLc»f  Q-:-rp|;uli 
;  Tlic  r.>llaHli>K  l»  Fuurrru)'*  <tescci|<lii.li  uf  Chii  .|)<-ciri 
docs  nut  6\Ser  niDch  fniin  ilie  uhiivi*.     "  Lrt  calcnU  d'urule  d 
cbaracleiifei  )iar  leur  diisolnbiKle  daiis  Ifii  \cii 
astc  oil  Aiffi^rmriA  nbniidiint  d'sminoniaquc 

C4Milf«r  |>JLle  rict-afc  au  Uit,  on  d'ua  ff'ia  iIfhiiIi  ^^ 

Sii«i  qu'iin  dUarliP  fucilciHent  Iciimo  d»  aulrr-'f  I'l  qui  innlllfin  pur  tesMirfitCBi 
qui  >r  lonchcnl  I  prri-que  loujiiura  cmilenani  uii  i.iivuiidunlon  nepan-aiifmfnMV" 
vtlappr.  Leur  fiirine  In  plui  Drdiniiirr,  ei\  ijilijrjiiriiile,  nloi^ir,  camprlinfi',  qH.^^_ 
qurriiiB  ainygdaloidF  t  Icuf  anrrace  cit  ordiuairi'iDFni  liaw,  jamnli  l(ib«rcul>^ 
qiiclqiirfi.iilirillaulFrlroMnUturt  Inir  p»;inth<r  xp^riliqaF  tn  dc  l.KiS  I  1.7M 
IVan  Bpole  In  diunut,  airlaul  quaiid  FlIeHtduiidr,  M  quiind  ils  Hont  diiliis  «ti 
piiH»ieic  Cn«.  Lciacidrs,  le  inurUliqiw  lUrivut,  Iritrrnleveut  rnminimiiiqiie, 
laiaeiit  echI  I'RClde  ■riqur,qul  Mdiiaoul         '"    ''     ' " 
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The  boy  from  whom  this,  calculus  was  taken  suffered  extreme 
irritation^  and  his  general  heath  was  much  deranged.  Two  or 
three  weeks  before  it  was  extracted,  I  had  an  opportunity  of 
examining  his  urine ;  it  was  pale-coloured,  and  exhibited  the 
uppeurance  it  usually  assumes  w^en  a  calculus  is  present  in  the 
Uadder,  or  when  the  functions  of  the  inner  coat  of  that  riscus 
^are  otherwise  deranged.  Its  specific  gravity  was  1023*8,  and  it 
abounded  in  urea  and  the  triple  phosphate  of  magnesia  and 
ammonia.  It  reddened  tufmenc  paper,  but  as  it  had  been  kept 
for  some  days  before  I  had  an  opportunity  of  examining  it,  this 
nroperty  might  have  been  acquired  after  it  wa§  voided  firom  the 

I  possess  a  fragment  of  another  small  calculus,  having  precisely 
the  same  colour  and  properties  as  that  above  described.  It  was 
likewise  taken  from  a  boy  under  the  age  of  puberty,  and  was 
accompanied  by  great  irritation.  This  fragment,  which  is  about 
one-tenth  of  an  inch  in  thickness,  appears  to  have  constituted  a 
part  of  the  outer  crust.  Its  external  surface  is  rough,  and  covered 
with  mamillaiy  protuberances.  To  a  part  of  its  internal  surface 
there  is  adhenng  a  portion  of  a  common  lithic  acid  calculus ; 
probably,  therefore,  the  whole  of  its  centre  was  composed  of  that 
substance.  This  boy,  as  well  as  the  fonner,  recovered  from  the 
operation,  and  I  believe  neither  has  ever  had  any  return  of  the 
complaint. 

The  characteristic  properties  of  this  species  of  calculus  appear 
then  to  be  the  following :  1,  their  colour  and  general  appearance, 
which  are  peculiar  ;  2,  their  solubiHty  in  water ;  3,  their  yielding 
ammonia  when  treated  with  the  fixed  caustic  alkalies.  To 
which,  perhaps,  may  be  added,  4,  their  property  of  decrepitating 
before  the  blow-pipe.* 

There  are  also  strong  reasons  for  concluding,  from  the  small- 
ness  of  their  size,  and  other  circumstances,  that  this  species  of 
calculus,  in  its  pure  state,  is  peculiar  to  children  under  puberty ,t 
and  that  it  is  accompanied  by  great  derangement  of  the  general 
healtli,  and  the  most  distressing  irritation. 

With  respect  to  the  medical  treatment  of  this  variety  of  calcu- 
lus, it  ought  probably  to  differ  in  no  respect  from  that  adopted  in 
ordinary  cases  of  the  lithic  acid  calculus  ;  certainly  not  at  least 
in  a  chemical  point  of  view. 

lis  •«  trouvcnt  qnelquefoin  rcrouverfs  d^aclde  nrique  p«r  :  la  conche  ext6rieure  de 
c^lnUci  fst  ordinairement  pen  ^paisite,  et  la  plu4  graiide  qaantit^  de  calcul  rst  de 
rurate  d*aminoniaque.  Sur  Ics  600  calcuh examines  la  proportion  du  nombred'in- 
-dividusde  ceile  especca  6ie  une  des  plus  foibles."     Op.  cif.  p.  !?37. 

*   I  am  aware  that  decrcpitalinj^  calculi  are  usually  said  to  contain  a  liltleoxa- 
late  of  lime,  and  this  was  perhaps  the  case  in  both  the  above  instances.     In  tbe»« 
instances,  howevipr,  the  decrepitation  ap}»eared  to  me  rather  to  depend  on  the 
csc/ipe  of  ammonia. 

f  The  morbid  arine  of  cViWArew  ^ewei^W^  c^tvlnins  an  excess  nf  the  phosphates, 
^uc  \n  some  rare  ir.s«tancesapvcwV\at  c\tin-^vAov\\c^  ^«^^^\<\V)T^VTi>k<^^\sice  after  the 
^iM^km  Ikis  cooled ,  w  Inch ,  \f  I  uui  woV  muVdV^u^ ^litL^vito  )j\i\SVj  ^\N\Ctt»\«\A^xfiB&«s\^« 
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This  part  contains  the  following  papers :  — 

I.  Oti  the  Specific  Gravities  and  Temperature  of  Sea  Waters  it 
different  Parts  of  the  Ocean,  and  in  particular  Seas  ;  with  same 
Account  of  their  saline  Contents.  By  Alexander  Marcet,  MJ)_ 
F.R.S,  &c. — Dr.  Marcet  had  formed  the  project  along  with  Mr. 
^mithson  Tennant  of  collecting  specimens  of  sea  water  front 
"diiFerent  seas,  and  at  different  depths.  In  the  course  of  a  ferF 
years  a  considerable  number  of  specimens  were  collected,  when 
Mr,  Tennant's  unfortunate  death  deprived  Dr.  Marcet  of  h« 
assistance,  and  occasioned  so  much  procrastination  that  the 
subject  ran  a  considerable  rist  of  being  abandoned  altogether, 
when  our  author's  attention  was  again  recalled  to  it  by  the  late 
«xpeditioii  in  search  of  a  north-west  passage.  The  officers  wtu* 
ha.d  the  charge  of  that  expedition  vere  very  assiduous  in  coSeest- 
iag  specimens'  of  sea  water,  anH  in  determining  the  temperatrae 
of  the  sea  at  the  surface,  and  at  the  bottom,  in  various  latitudes^ 
With  the.se  specimens  and  results,  they  liberally  supplied  Dr_ 
Marcet,  and  thus  invited  hira  to  resume  his  investigations,  and 
<;omplete  them.  The  consequence  has  been  the  production  o£" 
the  elaborate  and  valuable  paper  of  which  I  shall  endeavour  tA 
give  an  analysis. 

.The  number  of  specimens  of  sea  water  collected  amounted  to 
6'8.     The  following  table  exhibits  the  specific  gi'avities  of  tiies» 
specimens,  together  with  the  parts  of  the  ocean  from  which  tl 
were  collected : 
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It  ivCuld  appear  frOm  tVlc  preceding  table,  that  the  ocean  ia  , 
the  fioutheiu  hemisphere  coiitaini^  more  salt  than  in  the  northern 
hemisphere  in  tlie  proportion  of  1-02919  to  1-02757  ;  but  the 
great  pruportion  of  the  specimens  in  the  northern  oc^nwere 
taLeo  at  a  much  bigbei  Vataodii^  'Ccis.u  i^ci«,«.  vo.  vW  «qi  ^em. 
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This  may  partly  accouQt  for  the  difference.  In  estimating  the 
specific  gravity  of  the  water  from  the  northern  hemisphere,  the 
Bpecimens  marked  with  an  asteriek  (*)  have  been  omitted,  as 
oDviouBly  "below  the  truth,  either  from  ice,  or  from  the  fresh 
water  of  rivers. 

The  meanspecificgi'avityof  water  from  the  equator  is  1'02777. 
This  exceeds  a  httle  the  meaa  gravity  which  prevails  in  the 
northern  hemisphere ;  but  falls  short  of  that  in  the  southern 
hemisphere.  The  mean  specific  gravity  in  the  northern,  south- 
ern hemispheres,  and  at  the  equator,  is  as  follows  : 

Northern  hemisphere i 1-02757 

H  Equator 1-02777 

^E  Southern  hemisphere 1-02919 

But  it  ought  to  be  remarked,  that  Dr.  Davy  generally  found 
the  specific  gravity  of  sea  water  both  in  the  South  Atlantic  ancl 
in  the  Indian  Ocean  less  than  what  is  stated  in  the  preceding 
tables.  When  sea  water  is  taken  from  the  surface,  it  may  be 
conceived  to  be  modified  a  little  by  the  quantity  of  rain  wnich 
has  fallen  ;  for  it  is  reasonable  to  believe  that  immediately  afta- 
a  heavy  fall  of  raia,  the  specific  gravity  of  water  taken  at  the 
surface  of  the  sea  will  be  a  little  less  than  it  would  be  if  taken 
after  a  long  tract  of  dry  weather. 

There  is  no  satisfactory  evidence  that  the  sea  at  great  depth* 
is  more  strongly  impregnated  with  salt  tlian  at  the  surface.; 
except  at  the  mouth  of  the  Dardanelles  where  the  specific  gra- 
vity of  the  water  at  the  surface  was  1-02028,  while  the  specific 
gravity  of  the  water  from  the  bottom  was  I-02i^l9.  We  may 
conceive  this  to  be  owing  to  a  current  of  water  from  the  Medi-^ 
terranean  flowing  into  the  Black  Sea  at  the  bottom,  while  a 
counter  current  from  the  Elack  Sea  flows  towards  the  Meditep- 
ranean  at  the  surface  ;  for  the  spt:cific  gravity  of  the  water  at  the,; 
bottom  approaches  that  of  the  Mediterranean,  while  that  at  the; 
surface  approaches  the  specific  gi'avity  of  the  Black  Sea. 

The  Mediterranean  Sea  contains  more  salt,  and  has  a  highar 
specific  gravity  than  that  of  the  Atlantic  Ucean  ;  while  mori;- 
other  inland  seas,  as  the  Baltic  iind  the  Black  Sea,  contain  less 
Halt  than  the  ocean.  This  is  accounted  for  by  supposing  that 
the  evaporation  in  that  sea  is  greater  than  the  supply  of  fresh 
water;  the  consequence  of  which  is,  that  a  current  from  the 
Atlantic  sets  into  the  Meditevranean  through  the  Biraita  of 
Gibraltar;  and  in  order  to  obviate  the  supposed  consequence, 
that  on  such  an  hypothesis  the  saltness  of  the  Mediterranean 
would  continually  increase,  it  has  been  conceived  that  an  undo" 
current  of  Salter  water  sets  in  from  the  Mediterranean  to  the 
Atlantic  at  the  bottom  of  the  straits  of  Gibraltar. 

Dr.  Marcet  is  of  opinion,  that  he  is  entitled  to  conclude  from 
the  specimens  of  water  from  ice  taken  from  the  s^i'a. 'N\».<i\^S\0«s(pa 
exaioiiied^  that  tiie  ice  of  sea  water  \b  -d\N4a.^&  ipe\fecA'j  'vvt^-O^*^ 
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I  do  not  see  that  the  specimens  in  question  prove  the  truth  of 
this  opinion ;  for  much  of  the  ice  that  floats  in  the  Arctic  Ocean 
iias  been  originally  produced  in  rivers,  or  on  the  sea  poast,  and 
it  has  been  afterwards  fed  by  the  snow  and  rain  water  which 
fell  upon  it  while  floating,  ana  which  would  gradually  assimilate 
dtsfelf  to  the  parent  stock.    Water  saturated  with  salt  freezes  at 
4^,  and  the  sea  water  on  our  coasts  freezes  at  about  28^;  but  I 
have  never  been  able  to  satisfy  myself  that  in  the  act  of  freezings 
it  parts  with  the  whole  of  the  salt  which  it  held  in  solution. 
This  may,  perhaps,  be  the  case  ;  but  it  is  difficult  to  conceive, 
bow  the  particles  of  salt,  v^hich  ought  to  be  at  least  mechanically 
mixed  among  the  crystals  of  ice,  could  make  their  escape  frcMH 
a  very  large  mass  of  ice. 

The  temperature  of  sea  water  ought  to  diminish  gradually  front 
the  surface  to  the  bottom ;  because  its  density  constantly 
increases  ^s  its  temperature  diminishes  till  it  reaches,  or  ev^i 
passes,  the  freezing  point  of  sea  water.  This  diminution  ^ 
temperature  was  observed  by  Capt.  Ross  and  Lieut.  Parry  to 
hold  in  Davis's  Straits  and  in  Baffin's  Bay ;  but  it  was  deter- 
mined by  Lieut.  Franklin  and  Lieiit.  Beechy  that  on  the  east 
«ide  of  Greenland,  and  in  the  polar  Seas,  just  the  contrary  takes 
place,  or  the  sea  at  the  bottom  is  considerably  hotter  than  at  the 
surface. 

As  it  would  have  been  an  endless  task  to  have  attempted  the 
analysis  of  all  the  specimens  of  sea  water  contained  in  the  abo?e 
table.  Dr.  Marcet  selected  16,  and  determined  with  as  much 
accuracy  as  possible  the  quantity  of  muriatic  acid,  sulphuric  acid, 
lime,  and  magnesia,  contained  in  600  grs.  of  the  liquids,  and 
likewise  the  weight  of  salt  left,  when  600  grs.  of  each  of  the 
liquids  was  evaporated  to  dryness.  The  muriatic  acid  was  esti- 
mated from  the  quantity  of  chloride  of  silver  precipitated,  and 
•dried  at  a  temperature  sufficient  to  produce  incipient  fusion. 
The  sulphuric  acid  by  the  quantity  of  sulphate  of  barytes. 
When  100  grs.  of  sulphate  of  barytes,  dried  at  212°,  are  exposed 
to  a  red  heat,  they  are  i'educed  to  97*2  grs.  The  lime  was  deter- 
mined by  precipitating  it  by  oxalate  of  ammonia,  and  drying  the 
precipitate  at  the  temperature  of  212°.  According  to  Dr.  Mar- 
cet, 100  grs.  of  such  a  precipitate  contain  39*23  grs.  of  lime. 
The  magnesia  was  precipitated  by  means  of  phosphate  of  soda 
and  carbonate  of  ammonia.  According  to  Dr.  Marcet,  100  grs. 
of  this  precipitate  contain  40  grs.  of  magnesia.  The  following 
table  exhibits  the  weight  of  the  saline  contents,  and  of  the  difl^r- 
ent  precipitates,  from  600  grs.  of  the  specimens  of  sea  water 
fiubjected  to  experiiiient : 
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In  these  experiments  the  residue  obtained  from  the  water  by" 
evaporation  was  dried  in  the  temperature  of  boiling  water  till  it' 
entirely  ceased  to  lose  weight.  The  muriate  of  silver  was  heated. 
to  incipient  fusion  ;  the  sulphate  of  barytes  and  the  oxalate  of 
lime  were  dried  at  the  temperature  of  boiling  water ;  and  the 
ammonia  co-phosphate  of  magnesia  was  heated  to  redness. 

From  the  weights  of  the  precipitates  given  in  the  table,  it  is 
easy  to  calculate  the  quantity  of^  muriatic  acid,  sulphuric  acid^ 
lime,  and  magnesia,  contained  in  the  water.  From  these  weights^ 
together  with  the  whole  weight  of  salts  contained  in  the  water, 
it  IS  easy  to  infer  the  weight  of  soda.  Thus,  for  example,  the 
quantity  of  these  bodies  contained  in  500  grs.  of  the  speoimea 
of  sea  water  marked  27  was  as  follows  : 

I  Muriatic  acid 8-00  grs. 
Sulphuric  acid  .  ■ . . , 1"27 
Lime 0-314 
Magnesia 1'08 
Soda 8-11 
These  constituents  we  may  suppose  to  have  been  combined  in 
e following  order: 

Muriate  of  soda 13-300 

Sulphate  of  soda 2-330 

Muriate  of  lime 0-616 

Muriate  of  magnesia 2-577 
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These  are  the  weights,  supposing  the  salts  totally  free  from 
water ;  but  if  we  suppose  tibem  dried  at  the  temperature  of  212^, 
then  the  weights  ofeach  will  be  as  follows : 

Muriate  of  soda*.  •  • « 13*3 

Sulphate  of  soda. 2*33 

Muriate  of  lime 0*975 

Muriate  of  magnesia 4*955 

21*560 

Now  this  does  notdiflFer  much  from  21*3  grs.  the  quantity  of  salt 
stated  in  the  table  to  exist  in  500  grs.  of  the  water  in  question. 
Dr.  Marcet  informs  us  that  Dr.  Wollaston  has  ascertained  by 
experiment  that  sea  water  contains  a  quantity  of  potash  which  is 
ratner  less  than  ^nnnr^^  of  its  weight.  He  evaporated  sea  water 
till  it  was  reduced  to  about  one-eighth  of  its  volume.  Muriate 
of  platinum  then  threw  down  a  precipitate,  when  dropped  into  it. 
When  this  precipitate  is  heated  with  a  little  sugar,  the  platinum 
is  reduced  to  the  metallic  state.  The  muriate  of  potash  may 
llien  be  washed  off,  and  the  nature  of  its  base  demonstrated  by 
its  yielding  crystals  of  nitrate  of  potash  with  nitric  acid. 

II.  An  Account  of  the  Fossil  Skeleton  of  the  Proteosaurus. 
By  Sir  Everard  Home,  Bart.  V.P.R.S. 

III.  Reasons  for  giving  the  Name  Proteosaurus  to  the  Fosnil 
Skeleton  which  has  been  described.  By  Sir  Everard  Home,  Bart. 
— The  first  of  these  papers  might  have  been  called  a  short  notice 
or  explanation  of  three  plates  which  accompany  it,  drawn  by  Mr. 
CIiftandMr.de  laBeche,  and  exhibiting  the  nasal  bones,  the  ribs, 
and  an  entire  skeleton,  of  the  fossil  animal.  From  these  plates, 
it  is  obvious  that  the  animal  had  four  legs,  that  the  ribs  were 
all  bone  without  any  cartilage  in  the  part  which  connects  them 
with  the  sternum,  and  without  any  joint  similar  to  that  possessed 
by  the  crocodile.  The  author  considers  the  proteus,  the  syren 
of  Carolina,  and  the  axolotl  of  Mexico,  as  constituting  a  distinct 
class  of  animals,  which  he  proposes  to  distinguish  by  the  name 
x)f  Proteus.  The  animal  to  which  the  fossil  skeleton  bel<*nged 
approached  the  proteus  in  several  respects,  but  differed  in  others, 
and  appears  to  be  intermediate  'between  the  proteus  and  lizzard 
tribe.  It  was  to  indicate  these  relations  that  our  author  bestowed 
upon  it  the  name  of  Proteosaurus. 

IV.  Some  Observations  on  the  Peculiarity  of  the  Tides  beticecn 
Fairleigh  and  the  North  Foreland :  with  an  Explanation  of  the 
supposed  Meeting  of  the  'Fides  near  Dungeness,  By  James 
Anderson,  Captain  of  the  Royal  Navy. — It  is  the  common  opi- 
nion entertained  by  naval  men,  that  the  tide  of  the  English 
channel,  and  the  tide  of  the  German  sea,  the  fir»t  of  which  flows 
east,  and  the  second  south,  meet  at  the  straits  of  Dover,  and  that 
this  is  the  reason  why  the  tide  rises  to  a  greater  height  there 

than  any  where  else  in  l\ie  xie\^c^ao\x^Q<^^.  'WvfeOck^^&.^v.^CCa^t. 
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Anderson's  paper  is  to  combat  this  opinion,  aiid  to  give  what  he 
considers  as  the  true  account  of  the  tides  in  the  straits  of  Dover, 
and  an  explanation  of  the  phenomena.  He  cruized  for  two 
years  in  these  straits,  or  their  neighbourhood,  and  had  in  con^- 
quence  an  ample  opportunity  of  making  himself  acquainted  with 
the  tides.  The  following  were  what  he  observed  to  take  place  r 
Between  the  easternmost  point  of  Fairleigh  and  the  North 
Foreland,  the  tides  rise  from  seven  to  eight  feet  higher  than  on 
either  side  of  these  points.  After  the  tide  has  run  east  for  two 
hours  and  three  quarters,  it  is  high  water  by  the  shore,  and  the 
water  continues  to  fall  during  the  last  three  hours  and  a  quarter 
that  the  tide  runs  east.  When  the  tide  begins  to  run  west,  it  ■ 
is  half  ebb  ;  and  the  water  continues  to  fall  for  two  hours  and 
three  quarters  after  the  tide  has  begun  to  flow  \ye8t,  at  which 
time  it  is  low  water.  The  course  of  the  tide  continues  to  flow 
westward  for  two  hours  and  three  quarters  longer,  during  which 
time  the  water  gradually  rises  by  the  shore,  making  nearly  half 
flood  by  the  land  at  the  time  the  current  of  the  tide  cea.se8  to  ma 
to  the  westward.  The  tide  then  turns  to  the  eastward,  and  after 
it  has  moved  in  that  direction  for  threeTiours  and  a  quarter,  it  is 
high  water  by  the  ground. 

Such  are  the  phenomena.  They  are  obviously  incoropatilila  j 
with  the  old  explanation ;  namely,  that  they  are  occasioned  by  ' 
the  meeting  of  the  two  tides  moving  in  opposite  directions. 
Capt.  Anderson  ascribes  them  to  the  sudden  narrowing  of  the 
English  channel  at  Dungeness  to  a  space  not  amounting  to  half 
its  former  breadth.  This  occasions  the  waters  to  rise  in  that 
narrow  channel,  and  to  continue  to  rise  till  they  find  a  vent, 
which  happens  after  the  tide  has  flowed  for  three  hours  and  a 
quarter  from  the  west.  By  this  time,  all  the  sands  without  tha 
Worth  Foreland  are  covered,  and  aflbrd  a  greater  vent  for  the 
discharge  of  the  accumulated  water.  The  extensive  flats  also 
on  both  sides  the  channel,  on  which  the  sea  now  flows  in  like  a 
torrent,  demand  a  greater  supply  than  is  received  through  the 
Dungeness  passage.  Hence,  from  this  period,  the  water  ia 
drawn  off'  from  the  places  where  it  had  accumulated,  and  begins 
to  fall  gradually  by  the  shore  during  the  remaining  three  houra 
and  a  quarter,  in  which  the  current  of  the  tide  runs  to  the  east^ 
ward,  making  half  tide  of  ebb  by  the  ground  within  the  Straits 
of  Dover  and  the  two  reservoirs,  or  basins,  when  the  current  of 
the  tide  ceases  to  run  to  the  eastward  ;  at  which  time  it  is  high 
water  every  where  without  these  limits,  allowing  forthe  equalities 
of  the  coast,  the  water  having  now  generally  acquired  a  level. 

"When  it  is  high  water  without  the  North  Foreland,  as  at 
Margate,  the  Kentish  Knock,  &c.  and  the  tide,  which  is  the  trua 
or  regular  ebb  tide,  returns  to  the  westward  through  the  Downs, 
the  water  still  continues  to  fall  within  the  Foreland,  and  on  to 
the  easternmost  point  of  Fairleigh,  for  two  hours  and  tK^ft.%. 
quarters  of  the  first  of  the  true  oi  tewuVa.r  e\i\^Ui.e-,\i^c'a-«a.'^'^'»- 
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tide  iH  falling  generallyy  and  the  pasBa^  by  Dimgeness  dischaiges 
the  quantity  Drought  by  the  ebb  tide  during  that  tiaie.  Sut 
when  the  true  ebb  tide  has  run  two  hours  and  three  quarters,  it 
is  low  water  by  the  shore  between  the  North  Foreland  and  Fair- 
leigh  ;  because  the  channel  through  the  Straits  of  Dover  (becom- 
ing again  too  contracted  to  give  vent  to  thie  great  body, of  water 
which  now  presses  from  the  Medway  and  the  North .  Sea,  aug- 
mented by  the  currents  and  tides  discharged  from  the  great 
continental  rivers  and  inlets)  now  a^ain  accumulates  in  the 
narrow  passage,  and  in  the  Downs,  i^om  tlie  North  Foreland^ 
and  thus  begms,  from  the  above  stated  period,  to  rise  by  the 
shore.  It  thus  continues  to  rise  for  the  remaining  two  hours 
and  three  quarters,  at  which  time  the  regular  ebb  tide  has  ceased 
to  run  to  tne  westward,  and  it  is  low  water  every  where  without 
the  North  Foreland,  and  to  the  westward  of  Fairleigh;  but 
within  these  limits,  it  is  half  flood,  in  consequence  of  the  accu- 
mulation of  the  water  during  the  latter  part  of  the  ebb  tide. 

Such  is  Capt.  Anderson's  explanation  of  the  tides  at  the  straits 
of  Dover.  The  tide  of  the  channel  which  flows  east,  continues 
along  the  French  and  Dutch  coast  till  it  is  lost  at  the  entrance 
into  the  Cattegat.  Another  portion  of  it  goes  along  the  Kentish 
coast,  and  gradually  changing  its  direction,  goes  up  the  Queen's 
channel ;  while  the  tide  along  the  east  coast  of  Great  Britain, 
which  flows  south,  gradually  blends  along  with  the  Engtish 
channel  tide  at  the  Kentish  Knock,  which  sand  has  probably 
been  accumulated  by  the  meeting  of  the  two  tides,  and  proceeds 
up  the  estuary  of  the  Thames. 

Capt.  Anderson  shows  that  something  very  similar  to  the 
tides  at  the  straits  of  Dover,  happens  in  the  narrow  channel 
between  the  Isle  of  Wight  and  the  fenglish  coast. 

V.  On  the  Ova  of  the  different  Tribes  of  Opossum  and  Orni- 
ihorhynchus.  By  Sir  Everard  Home,  Bart. — In  the  human 
species,  and  in  quadrupeds  in  general,  the  ova  are  formed  in 
corpora  lutea,  and  pass  into  the  uterus,  to  the  sides  of  which 
they  become  attached.  When  the  foetus  is  completely  formed, 
it  is  expelled  by  the  vagina,  and  afterwards  sucks  the  mother. 
In  the  pullet,  the  yelk  bags  are  formed  in  one  ovarium,  impreg- 
nated in  one  oviduct,  and  hatched  out  of  the  body.  Our  author 
has  met  with  three  tribes  of  animals  which  form  the  links 
necessary  to  connect  the  common  quadrupeds  with  birds  as  far 
as  generation  is  concerned.     These  are  : 

_1.  The  Kangaroo. — In  this  animal  the  ova  are  formed  in 
cori)ora  lutea,  as  in  the  human  species  and  common  quadrupeds. 
They  receive  their  yelks  in  the  fallopian  tube,  and  their  albumen 
in  the  uterus.  The  ovum  thus  completed  is  impregnated  in  the 
uterus,  aerated  by  means  of  lateral  tubes  ;  and  when  the  young 
has  acquired  the  weight  of  abiout  12  grs.  it  is  expelled  from  the 
uterus,  received  into  the  marsnpium,  and  attached  to  the  nipple 
of  the  mother. 


1820.]  Proceedings  of  Fhihiophkal  SocielUi.  447 

2.  In  the  American  opossum,  the  yelk  bags  are  fornaed  in  the 
ovaria,  pass  into  the  uteii,  there  receive  the  albumen,  and  are' 
then  impregnated.  The  ftetus  in  each  uterus  is  aerated  by  one 
lateral  tube.  When  expelled  from  these  uteri,  the  young  are 
received  into  themarsupium,  and  become  attached  to  tbe  nipples 
of  the  mother. 

3.  In  the  ornithorhynchi,  the  yelk  bags  are  formed  in  the 
ovaria,  received  into  the  oviducts  in  which  they  acquire  the 
albumen,  and  are  impregnated  afterwards.  The  foetus  is  aerated 
Jbj  the  vagina,  and  batched  in  the  oviduct,  after  which  the  young 
provides  for  herself,  the  mother  not  giving  suck. 


VI,  The  Results  of_  Observations  made  at  the  Observatory  of 
Dublin  for  determining  the  Oblitjuitif  of  the  Ecliptic,  and  the 
Maximum  of  the  Aberration  of  Light.  By  the  Rev.  J.  Brinkley,  J 
I».D.  F.R.S.  and  M.R.I.A.  and  Andrew's  Professor  of  Astro- 
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nomy  in  the  University  of  Dublin. — The  mean  obliquity  of  the 
«chptic  on  Jan.  1,  1813,  deduced  from  the  summer  solstices^ 
was  found  to  be  23"  27'  50'45".  The  mean  obliqui^  of  the 
ecliptic  on  Jan.  1,  1755,  as  deduced  by  Bessel  from  Bradley's 
observations,  was  23°  28'  13-41)".  This  gives  0'43"  for  the 
annual  diminution. 

The  maximum  aberration  of  light,  deduced  by  Dr.  Brinkley 
from  166  observations,  is  20-80".  Bessel,  from  Bradley's 
observations,  has  determined  it  at  20'70"  nearly.  These  are  so 
rauch  greater  than  was  expected,  that  Dr.  Briiutley  thinks  th^- 
will  not  be  admitted  by  astronomers  till  verified  by  others.  lie 
solicits  the  attention  of  astronomers  to  this  subject,  which  he 
(Considers  as  of  great  importance. 


Article  IX. 

Proceedings  of  Philosophical  Societies. 


April  20. — A  paper,  by  W.  Kitchener,  M.D.  was  read,  enti- 
tled, "  On  an  Improvement  in  the  Eye  Tubes  of  portable  Achro- 
malic  Telescopes."  It  has  been  long  known  that  by  increasing  I 
the  distance  bftween  the  two  glasses  next  tbe  eye  and  the  two  1 
next  the  object,  the  magnifymg  power  of  telescopes  may  be  1 
searly  doubled.  After  several  attempts  to  improve  this  principle,  \ 
the  author  stated  that  he  has  at  length  succeeded,  and  rendered  j 
it  BO  complete,  that  vision  throughout  a  great  range  of  power  ii  I 
perfect  even  to  tbe  edges  of  the  field.  Applied  to  an  object  glass  J 
of  30  inches'  focus  and  2'7  inches  aperture,  he  stated  that  hiaM 
improved  eye  tube  produces  in  the  most  perfect  manner  any  J 
iotcrmediate  power  between  70  and  270,  and  with  an  achromtt*  I 
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tic  telescope  of  44  inches  focus  any  intermediate  power  between 
90  and  360.  The  light  by  the  use  of  four  glasses  was  admitted 
to  be  diminished,  but  the  images  of  fixed  stars  were  stated  to  be 
better  defined  and  rendered  more  distinct  than  by  the  use  of  any 
other  eye  tube. 

At  this  meeting  also  a  paper  was  read,  on  the  different  QliaE* 
ties  of  tlie  Alburnum  of  Spring  and  Winter  felled  Timber,  by 
T.  A.  Knight,  Esq.  It  has  been  long  supposed  that  oak  timber 
felled  in  the  winter  is  superior  to  that  felled  in  spring,  but  the 
cause  of  this  difference  has  not  been  inquired  into,  and  the  fcffi> 
iDg  of  timber  in  the  winter  has  been  discontinued  in  consequence 
of  the  superior  value  of  spring  bark.  The  author  proceeded 
to  relate  some  experiments  he  had  instituted  on  the  subject. 
These  were  made  on  two  similar  oaks  of  about  100  years  old, 
which  grew  near  each  other,  and  which  were  felled'  at  the  differ- 
ent seasons  above-mentioned.  The  specific  gravity  of  the 
alburnum  of  the  spring  felled  oak  was  0*666,  while  the  specific 
gravity  of  that  of  the  winter  felled  was  0*565.  Two  equal  blocks 
were  then  cut  out  of  the  alburnum  of  each,  which,  being  well 
dried,  were  suspended  in  a  damp  room  for  ten  days :  at  the  &ii 
of  this  time  it  was  found  that  1000  grs.  of  the  spring  felled  tim- 
ber had  gained  162  grs.  while  the  same  quantity  of  mat  felled  in 
winter  had  gained  only  145  grs.  Hence  there  was  found  a  striki 
difference  between  the  properties  of  the  two.  Mr.  Knight  stal 
it  to  be  his  opinion  that  oak  timber  would  be  much  improved  if 
the  tree,  after  being  barked  in  the  spring,  was  permitted  to 
stand  till  the  following  winter.  He  concluded  by  stating,  that 
although  he  had  not  made  the  experiment,  he  had  little  doubt 
that  the  same  observations  would  apply  to  the  heart  wood  as  to 
the  alburnum. 

April  27. — At  this  meeting,  a  short  abstract  of  a  paper,  by  S. 
Ware,  Esq.  on  the  Properties  of  Domes  and  their  Abutment 
Walls,  was  read,  the  mathematical  nature  of  the  subject  not 
admitting  it  to  be  read  in  detail. 

At  this  meeting  also  a  paper,  by  Assistant-Surgeon  Hood, 
was  begun  on  Diarrhcea  Asthenica. 

May  4. — ^The  above  paper  was  concluded.  This  disease  is 
endemic  annually  among  the  indigent  Hindus,  on  the  Malabar 
and  Coromandel  coast,  and  usually  appears  about  the  commence- 
ment of  the  monsoons.  The  symptoms  are  diarrhoea  with  spasms 
of  the  bowels  and  flexor  muscles  of  the  legs,  sickness,  &c.  and 
the  pulse  is  slow  and  feeble.  To  these  succeed  a  shivering  fit, 
and  excessive  thirst;  and  if  proper  treatment  is  not  speedily 
adopted,  the  pulse  becomes  weaker,  the  features  contracted  and 
ghastly,  the  pain  violent,  and  death,  preceded  by  coma,  soon 
closes  the  scene.  After  discussing  the  various  remedies  which 
have  been  employed  in  this  disease,  he  proceeded  to  recommend 
that  on  an  attack,  the  patient  should  take  two  ounces  of  brandy 
and  ten  drops  ot'su\p\iux\c.  ac\A.m\x^l'^Y^\v\.^'l^^\4'v^^     and 
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that  this  dose  should  be  repeated   at  proper  intervals.      He  1 
directed  also  that  sinapisms  should  he  applied  to  the  region  of 
the  stomach  and  extremities  to  promote  reactiou.     Bitters  and 
astringents  also  were  stated  to  be  occasionally  useful. 

At  f  iiis  meeting  a  paper  was  also  read,  on  the  Mode  of  Form- 
ation of  the  Cand  for  containing  the  Spinal  Marrow,  and  on  the 
.  Form  of  the  Fins,  if  they  deserve  that  oame,  of  the  Proteosaurus, 
by  Sir  E.  Home.  The  structure  of  the  vertebrte  of  this  animal 
was  stated  by  Sir  E,  to  be  intermediate  between  that  of  Uzards 
and  cartilaginous  fishes ;  and  to  bear  so  close  a  resemblance  to 
those  of  the  shark  as  to  have  been  often  mistaken  for  them. 
They  are  composed  of  bone,  and  have  a  body,  canal  for  the 
spinal  marrow,  and  a  process  for  the  attachment  of  muscles,  but 
the  body  consists  of  one  piece,  while  the  spinous  process  and 
two  lateral  branches  wMch  adhere  to  it  constitute  another, 
and  between  these  two  pieces  there  is  no  bony  union,  but 
a  species  of  joint  pecuhar  to  themselves.  Hence  tlie  fora- 
men in  the  :niddle  thus  formed  appears  unusually  small.  In 
the  specimen  from  which  the  above  description  is  taken  there 
is  also  a  fore  foot,  paddle,  or  fin  (for  it  is  difficult,  according 
to  Sir  E.  Home,  to  say  which  it  ought  to  be  called),  which, 
iJiough  not  quite  perfect,  is  much  more  bo  than  any  that  has 
hitherto  been  found.  This  was  stated  to  present  nothing  like  the 
thumb  or  claw  for  laying  hold,  which  distinguishes  the  animals 
that  occasionally  inhabit  the  sea,  and  come  to  shore  to  lay  eggs, 
or  deposit  young.  If  it  be  called  a  fin,  it  must  be  considered  as 
made  up  of  bony  materials,  the  joints  of  vchicli  are  very  nume- 
rous, so  that  it  may  possibly  perform  such  an  office. 

Mau  11. — A  paper  was  read,  entitled,  "  On  the  Fnngi  which 
constitutes  the  colouring  Matter  of  the  Red  Snow  discovered  in 
Baffin's  Bay,"  by  F.  Bauer,  Esq.  The  author  stated  that  in  the  ' 
winter  he  put  a  small  quantity  of  the  red  globules  composing  the 
Bubetance  in  question  into  a  phial  filled  with  compressed  snow, 
which  was  placed  in  the  open  air  in  a  north-west  aspect.  A 
thaw  coming  on,  the  snow  was  found  melted,  and  the  water 
being  poured  off,  more  snow  was  added.  In  two  days  the  mass 
of  fungi  was  observed  to  be  raised  in  little  pyramids,  which 
gradud^ly  increased  in  height,  occupying  the  cells  of  the  mass  of 
ice,  A  thaw  now  conlinueil  for  some  time,  and  the  fungi  fell  to 
the  bottom  of  the  water  in  the  phial,  where  they  occupied  a  space 
aboutdoublethat  of  their  original  bulk,  Thesefungi  also  appeared 
to  be  capable  of  vegetating  in  water,but  in  this  case  they  produced 
green,  instead  of  red  globules.  By  exposure  to  excessive  cold, 
Mr.  B.  found  that  the  original  fungi  were  killed ;  but  that  their 
seeds  still  retained  vitality,  and  if  immersed  in  snow,  they  rege- 
nerated new  fungi,  generally  of  a  red  colour.  The  author 
supposes  that  snow  is  the  proper  soil  of  these  fungi.  Thepapor 
was  accompanied  by  beautiful  drawings  illustra.ti'a^  VW  ^S.-m^k*. 
a^earances  described.  ' 

^VoL.  XV.  K°  VI.  2F 
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LINNiEAN    SOCIETY. 

April  4. — A  paper,  by  Mr.  J.  Lindley,  was  begun,  entitled, 
**  Observations  on  the  natural  Group  of  rlants  called  PomacesB." 

April  18.— Mr.  Lindley's  paper  was  concluded. 

At  this  meeting  there  was  also  read  a  paper,  entitled,  "  A 
Systematic  Arrangement  and  Description  or  the  Birds  of  Java," 
by  Dr.  T.  Horsfiefd. 

'May  2. — A  paper,  by  Major-Gen.  Hardwicke  was  read, 
entitled,  "  A  Description  of  Canis  Sumatrensis,  viverra  Lind- 
sang,  and  Phasianus  Cruentus. 

GEOLOGICAL   SOCIETY. 

March  17. — A  paper,  by  Charles  Worthington,  Esq.  '*  On  the 
Specimens  from  Devonshire,"  was  read. 

On  Haldon  Hill,  in  the  road  between  Chudleigh  and  Exeter, 
and  about  five  miles  from  the  latter  place,  where  the  descent 
commences,  the  left  of  the  road  affords  a  good  section  of  the 
materials  of  which  this  part  of  the  hill  is  composed.  The  frag- 
ments of  rock  which  in  several  places  form  projecting  lines  m 
the  purple  sand-bank,  are  found  to  possess  the  characters  of 
serpentine.  About  a  mile  further,  and  near  the  lodge  of  Sir 
Laurence  Palk's  seat,  the  hill,  through  which  the  road  has 
been  cut  to  a  considerable  depth,  presented  the  same  appear- 
ances; and  here  an  isolated  mass  of  porphjrry  was  found. 
Without  attempting  to  determine  the  manner. in  which  these 
broken  portions  of  rocks  are  connected  with  the  formation  of 
the  surrounding  country,  it  may  be  observed,  that  they  approxi- 
mate the  granite  ridge  extending  between  Moreton  Hampstead, 
and  Bovey  Tracey,  and  are  found  nearly  on  a  parallel  line  to  the 
north-west,  with  the  greywacke  formation  resting  on  that  ridge. 

Among  the  debris  of  Dunscombe  cliffs,  about  a  mile  eastward 
from  the  river  Liu,  a  green  hornstone,  inclosed  as  a  veinstone, 
may  be  seen  passing  into  heliotrope  and  jasper. 

The  reading  of  the  paper  "  On  the  Coal  Fields  adjacent  to  the 
Severn,"  by  Prof.  Buckland  and  the  Rev.  W.  Conybeare,  was 
concluded. 

The  regular  coal  measures  succeed  to  the  millstone  grit ;  more 
than  50  seams  of  coal  appear  to  be  distinguishable  in  this  series ; 
these  are  generally  thin,  rarely  exceeding  three  feet  in  thickness, 
and  since,  from  the  nature  of  the  ground,  the  pits  often  exceed 
100  fathoms,  and  in  this  one  instance  200  fathoms  in  depth,  they 
could  not  be  profitably  worked  but  for  the  highly  improved  state 
of  the  macliinery  employed.  The  coal  measures  may  be  subdi- 
vided into  an  upper  and  lower  series,  the  former  being  characte- 
rized by  the  presence  of  a  fissile  gritstone,  denominated  pennent, 
the  latter  by  the  predominance  of  argillaceous  beds ;  in  this, 
Jwwever,  some  grit  rocks  a\so  oc.c\xx,    N  ^^^\si^^'Ya3L\jx^"&sions  are 
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nbundant  in  many  of  the  shale  beds  :  nodules  of  ironstone  occur,  ' 
but  in  small  quantity,  and  are  not  worked  as  ore  in  this  field. 

The  coal  measures  are  often  extiemeiy  convulsed;  faults 
■which  alter  the  level  of  the  strata  aa  much  as  70  and  100  fathoms 
in  some  places  traverse  them,  and  on  the  south,  where  the 
lowest  beds  approach  the  inclined  and  nearly  vertical  calcareoua 
strata  of  mendip  (their  fundamental  rock),  they  become  broken 
and  contorted  in  a  manner  truly  surprising ;  the  same  bed  of  coal 
being  sometimes  twisted  into  the  form  of  the  letter  Z,  and 
pierced  three  times  in  the  same  perpendicular  shaft ;  near  tl\is 
point  also  a  series  of  coal  beds  becomes  vertical,  a  pit  being 
sunk  perpendicularly  80  fathoms  in  one  individual  seam ;  and 
the  same  series,  when  examined  in  different  points  along  its  line 
of  bearing,  is  found  to  change  the  direction  of  its  dip  on  the 
opposite  sides  of  this  vertical  point  in  such  a  manner  that  the 
beds  which  lie  uppermost  in  the  pits  on  the  east  of  that  point 
are  found  (in  consequence  of  this  inverted  dip)  to  occupy  the 
lowest  place  in  those  on  the  west.  Many  circumstances  are 
stated  in  the  memoir  as  rendering  it  almost  demonstrably  certain 
that  the  highly  incUned  position  of  the  strata,  and  their  remark- 
able contortions,  must  be  ascribed  to  mechanical  violence  which 
has  dislocated  and  elevated  them  subsequently  to  their  consoli- 
dation, and  not  to  any  circumstances. of  their  original  formation. 
These  arguments  are  strengthened  by  analogies  derived  from  the 
incUned  strata  of  more  recent  formation  in  the  Isle  of  Wight  and 
Dorsetshire,  and  shown  to  be  applicable  also  to  the  contorted 
strata  of  transition  and  primitive  districts. 

Inferences  are  hence  drawn  in  favour  of  the  elevation  of  many 
of  the  principal  mountain  chains  by  forces  acting  on  them 
mechanically. 

This  part  of  the  paper  is  accompanied  by  an  appendix  con- 
taining detailed  hsts  of  the  strata  sunk  through  in  all  the  princi- 
pal collieries  ;  many  of  these  are  very  interesting,  since  from  the 
depth  to  which  the  coal  measures  are  covered  through  extensive 
portions  of  this  field,  by  the  more  recent  horizontal  strata  lying 
unconformably  over  them,  pits  have  in  some  places  been  com- 
menced even  in  the  lower  beds  of  the  great  formation  of  calca- 
reous oolite,  and  penetrated  entirely  through  those  of  lias,  and 
of  the  newer  red  sandstone  before  reaching  the  coal.  Thus  the 
history  of  those  formations  and  their  relations  to  the  coal  becomes 
completely  developed ;  and  since  the  connexions  of  the  rocks 
lying  beneath  the  coal  are  exhibited  with  great  distinctness  in 
other  parts  of  this  field,  most  of  the  obscure  points  in  the  history 
of  the  rocks  occurring  in  the  neighbourhood  of  this  important 
formation  will  be  found  to  receive  a  satisfactoiy  elucidation  from 
the  structure  of  this  district,  especially  the  distinction  between 
the  formations  so  often  confounded  together  of  the  older  and 
newer  red  sandstone. 

Having  thus  described  the  locka  ot  \.W  co^^OTwiaSAOv^^tiJ^-**' 
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exhibited  in  the  basin  of  Somerset  and  South  Gloucester,  tike 
memoir  proceeds  to  notice  the  similar  basin. occupying  the  forest 
df  Dean,  interposing^  however^  some  details  relating  to  a  district 
lying  in  the  intermediate  space  between  these  basins,  and 
extending  from  the  village  of  Tortworth  on  the  north  of  that 
which  formed  the  subject  of  the  foregoing  observation  towaids 
the  Severn. 

This  district  presents,  near  Tortworth,  two  parallel  bands  of 
transition  limestone  underlying  the  old  red  sandstone,  and  distin- 
guished by  the  usual  characteristic  organic  remains. 

These  calcareous  strata  are  intersected  by  two  dykes  consist- 
ing of  several  varieties  of  trap,  among  which  an  amygdaloidal 
i^cies,  containing  grodes  of  brown  spar,  predominates  ;  the 
line  is  much  altered  at  the  point  where  it  is  cut  by  the  dyke. 
Thence  the  old  red  sandstone  extends  to  the  Severn  at  Pyrton 
Passage,  and,  crossing  the  river,  appears  on  either  bank  near 
that  point ;  the  transition  limestone  also  makes  its  appearance 
on  the  southern  shore. 

On  crossing  the  Severn,  we  enter  upon  the  exterior  chains  of 
the  forest  of  Dean  basin.  The  lowest  rock  exhibited  in  these 
chains  is  a  compact  variety  of  quartzose  greywacke,  which  forms 
May  Hill,  a  low  mountam  half-way  between  Gloucester  and 
Ross ;  this  is  invested  by  mantle-shaped  strata  of  the  same 
transition  limestone  which  has  been  noticed  before  at  Tortworth. 
This  commences  on  the  south,  near  Hanley,  in  a  line  with  the 
same  rock  at  Pyrton  Passage.  On  the  north,  it  extends  on 
many  miles,  and  may  be  traced  as  far  as  Stoke  Edith,  in  Here- 
fordshire. The  same  strata  which  form  the  basis  of  the  forest 
of  Dean  basin,  on  the  north-east  border,  again  emerge  towards 
its  opposite  boundaiy  in  the  centre  of  Monmouthshire,  where  a 
considerable  tract  of  transition  limestone  ranges  round  the  town 
of  Usk.  These  two  points ;  viz.  May  Hill  and  Usk,  correctly 
mark  the  extent  of  this  basin.  The  intermediate  country  consists 
of  alow  mountain  groupe  varying  from  800  to  1,300  feet  above  the 
sea.  This  group  is  traversed  by  the  abrupt  and  romantic  defile 
of  the  Wye.  The  highest  strata  of  the  basin,  including  the  coal 
measures,  are  entirely  confined  to  the  portion  of  this  groupe 
which  is  on  the  east  of  that  river.  The  subjacent  formations  are : 
I,  the  old  red  sandstone  :  this  is  here  beautifully  displayed, 
and  presents  beds  of  red  sandstone  and  slaty  marl  through- 
out :  towards  its  middle  region  occur  beds  abounding  in 
calcareous  matter  disposed  in  irregular  concretions,  and  assum- 
ing at  first  sight  the  appearance  of  a  conglomerate :  these 
are  often  worked  as  limestone,  and  usually  distinguished  by 
the  name  of  cornstone.  Near  the  top  of  the  sandstone  form- 
ation beds  of  quartzose  conglomerate  predominate:  the  total 
thickness  of  this  formation  is  estimated  at  1,460  yards.  It 
is  succeeded  by  No.  2,  the  mountain  limestone,  which  exhi- 
bits  its  usual  characters,  a.\\d\ie^i^^V\v\^kxv^%^  of  165  yards.    It 
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here  contains  beds  of  iron  ore  associated  with  brown  sjpat,  &cv 
Thes^  furnish  the  iron  ore  worked  in  the  forest,  the  coal  mea- 
sures being  ahnost  destitute  of  that  mineral.  The  coal  formation 
which  occupies  the  highest  place  in  this  basin  includes  in  aQ  22 
beds  of  coal  alternating  with  slate  clay  and  various  sandstones,, 
the  total  thickness  of  the  formation  being  about  800  yards.  In 
this  part  of  the  memoir,  the  authors  profess  to  derive  the  most 
important  parts  of  their  information  from  Mr.  Mushet's  section^ 
The  honzontal  and  overlying  strata  are  next  described.  Tbesei 
consist  of  1,  extensive  beds  of  a  conglomerate,  containing  rolled 
and  angular  fragments  derived  from  the  partial  destruction  of  the 
older  neighbouring  rocks,  and,  therefore,  containing  in  this  dis- 
trict pebbles  and  boulders  of  mountain  limestone  as  the  principal 
ingredient,  associated  with  others  of  old  red  sandstone  and 
quartz.  These  beds  have  evidently  been  originally  accumulated 
round  the  bases  of  the  older  chain  in  the  form  of  coarse  gravel, 
and  afford  a  proof  of  the  convulsions,  they  must  have  undergone 
antecedently  to  the  deposition  of  the  more  recent  strata.  Th^, 
cement  of  these  conglomerates  is  almost  always  calcareous,,  und 
often  consists  of  magnesian  carbonate  of  lime.  From  the  gradual, 
disappearance  of  the  pebbles  in  portions  of  these  beds,  iJiey. 
frec^uently  pass  into  an  homogeneous  magnesian  limestone 
entirely  agreeing  in  character,  as  well  as  geological  position, 
with  tne  magnesian  limestone  in  the  north-east  counties  erf 
England.  These  conglomerates  are  often  metalliferous,  containr 
ing  galena  and  calamine,  and  form  the  country  of  some  of  the 

Principal  mines  of  Mendip.    These  beds  graduate  into  those  of 
To.  2 ;  they  are  considered  as  subordinate  to  it,  and  both  are 
included  under  the  same  general  formation. 

No.  2,  beds  of  tender  red  and  variegated  sandstone  and  marl  f 
these  are  considered  as  composing,  together  with  the  preceding, 
the  newer  redstone  formation,  the  conglomerates  occurring  in  the 
lower,  the  sandstones  in  the  middle,  and  the  marls  in  the  upper 
part  of  the  series.  The  sandstones  and  marls  contain  gypsum 
and  sulphate  of  strontian  in  nodules  and  veins. 

Upon  this  newer  sandstone  reposes  the  well-known  formation 
of  lias.  The  compact  earthy  limestones  so  denominated  opcupy 
a  thickness  of  about  50  feet,  being  covered  by  about  160  fpet  of 
blue  marf,  alternating  with  a  few  thin  seams  of  marly  limestone. 
The  white  lias,  which  affords  slabs  proper  for  the  purposes  of 
lithography,  occupies  the  lowest  place  in  the  series.  Above  the 
lias  commences  the  ISeries  of  oolites.  No.  4,  the  members  of  whicl^ 
occur  in  the  following  order:  1,  sandstone,  with  calcareous 
concretions  ;  2,  the  inferior  oolite,  a  coarse  oolitic  freestone ; 
3,  clay  and  fuUer's-earth ;  4,  the  great  oolite,  which  crowns  the 
whole  escarpment  and  elevated  platform  of  the  Cotswold  hills, 
and  their  prolongation  in  Somersetshire  and  Wiltshire, 

The  edge  of  this  escarpmeivt  i^  fw\\o>Ne^\s^  ^^^^  n%^<5^^^ 
frequently  cutting  tlirough  and  exyom"i§^\\\  v»^Ob\Q)Vi  "^  "^^  %\-v«^ 
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from  the  great  oolite  to  the  hewer  sandstone ;  and  the  whole  of 
the  district  occupied  by  lias  is  traversed  and  intersected  by  simi- 
lar Tallies  in  such  a  manner  as  to  divide  it  into  numerous  insu- 
lated platforms  based  upon  the  sandstone,  and  often  crowned 
with  lofty  summits  of  oolite,  these  summits  being  fi^quently 
many  miles  from  the  main  chain  of  the  ooUte  formations.  These 
insulated  groups  minutely  correspond  with  each  other,  the  same 
strata  being  always  found  on  the  opposite  sides  of  the  valleys 
dividing  them  in  the  continuation  of  tne  same  planes^ 

These  circumstances  are  strongly  insisted  on  as  affording  a 
proof  almost  demonstrative  that  tne  valleys  in  question  owe 
their  origin  to  some  cause  which  has  excavated  them  subse- 
quently to  the  deposition  and  consoUdation  of  the  strata  which 
Jiave  been  thus  removed  by  intervals  once  occupied  by  them. 

Alluvial  detritics  is  less  abundant  than  might  have  been 
expected  in  such  a  coimtry.  The  flats  in  which  it  might  have 
been  looked  for  being  generally  covered  witihi  marshes ;  deposits 
of  it,  however,  are  scattered  in  several  places,  which  have 
afforded  the  usual  remains  of  elephants,  &c.  The  most  remark- 
able accumulation  of  this  kind  occurs  under  very  peculiar 
circumstances,  occupying  a  fissure  and  cavern  in  the  mountain 
limestone  of  Hutton  Hill,  one  of  the  Mendip  chain.  This  cavern 
is  nearly  filled  with  an  ochreous  deposit  so  pure  as  to  have  been 
an  object  of  extraction,  mixed  with  boulderstone  and  pebbles  : 
dispersed  through  this  mass  were  found  great  abundance  of 
bones  of  land  animals :  magnificent  molar  teelJi  of  the  elephant, 
and  an  entire  skeleton  of  an  animal  of  the  dog  tribe,  probably  a  ' 
fox.  There  can  be  very  Uttle  doubt  that  the  famous  skeleton  of 
the  rhinoceros  discovered  at  Plymouth  really  occurred  under 
similar  circumstances,  although  the  workmen  neglected  to 
notice  the  exterior  opening  of  the  cavity  in  which  it  was  buried, 
which  might,  perhaps,  have  been  closed  by  stalactites,  a  sub- 
stance easily  confounded  by  such  observers  with  the  native 
pock. 

The  caverns  of  Hutton  Hill  are  no  longer  open,  but  they  are 
minutely  described  in  the  MSS.  of  the  Rev.  Mr.  Calcott,  pre- 
served in  the  city  library  of  Bristol ;  and  numerous  specimens  of 
the  fossils  are  deposited  in  his  cabinet  in  the  same  building. 

ROYAL   ACADEMY    OF    SCIENCES    AT    PAKIS. 

An  Analysis  of  the  Labours  of  the  Royal  Academy  of  Sciences 

qf  Paris  during  the  Year  1818. 

{Continued  from  p.  388.) 

BOTANY. 

The  first  known  and  t\ve  mo^t  ws»e^v\  o^  vNx^^^TCL^v&xMvdoiibt- 
edly  the  date  tree ;  it  ia  otve  oi  Vii^  mo^V  N^\x^\^^\^^MOatfi\»»  ^\ 
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Barbary  and  Egypt,  and  is  also  cultivated  wilii  advantage  in 
several  of  the  eouthem  countries  of  Europe.  M.  Deliste,  who 
oarefully  observed  the  cultivation  of  it,  while  he  was  attached  to 
the  expedition  to  Egypt,  described  it  very  fully  in  a  memoir 
which  he  presented  to  the  Academy.  This  tree  is  cultivated 
from  seeds,  from  suckers,  and  even  from  slips.  The  mode  of 
treatment  of  the  slip,  vtbich  consists  in  replanting  the  top  after 
having  separated  it  from  its  trunk,  had  been  already  mentioned 
by  Theophrastus  and  by  Pliny;  and  M.  Delisle  was  assured  by 
the  Arabs  that  it  is  still  practised.  It  is  well  known  that  the 
date  tree  has  the  sexes  separately  on  different  plants ;  the  suckera 
of  each  tree  producing  plants  ofthesame  sex.  The  inhabitants, 
in  order  to  gain  as  much  profit  as  possible  from  their  land,  take 
care  to  plant  no  more  than  the  email  number  of  males  which  are 
requisite  for  the  artificial  fecundation  of  the  females,  and  if, 
from  any  cause,  the  catkins  of  these  male  date  trees  should  not 
be  placed  at  a  proper  time  in  a  situation  to  throw  their  fertilizing 
farina  on  the  ieraale  flowers,  the  fruit  will  not  lipen,  and  the  crop 
is  lost. 

A  species  of  palm  much  less  known  than  the  date  is  that  of 
the  nipa,  which  grows  spontaneously  in  the  Indian  Archi- 
pelago, on  the  sea  coast.  Rumphius  and  Thunberg  have  given 
imperfect  descriptions  of  it;  the  young  kernels  of  it  are  eaten 
when  preserved'.  Its  catkins  cut  before  it  is  fully  expanded 
produces  a  sweet  liquor,  which,  by  fermentation,  become  spiri-  1 
tuous  and  plea,sant  to  driidt.  Baskets,  mats,  and  other  trifling^' J 
articles,  are  made  of  the  leaves.  tj 

M.  Houton  Labillardiere  observed,  and  carefully  describes,  the* 
fructification  of  it ;  and  has  in  several  instances  rectified  the 
opinions  hitherto  entertained  of  it.  The  female  flower  has  three 
stigmas,  and  the  young  fruit  three  ovales  ;  the  embryo  is  placed 
at  the  foot  of  the  seed.  In  respect  to  its  male  catkins,  with 
sessile  flowers,  its  antherie  borne  on  a  single  filament,  which  is 
not  ramified ;  its  female  flowers  without  a  calyx,  and  its  aggre- 
gate fruits,  it  strikingly  resembles  the  pandan  us;  but  its  spathEe,  the 
calyx  of  the  male  flowers  in  six  divisions,  and  the  fan-like  form 
of  the  leaves,  produce  a  still  nearer  degree  of  afiiuity  to  the  true 
palm  trees. 

The  ancients  make  frequent  mention  of  an  Egyptian  tree  to 
which  they  give  the  name  of  Persea ;  it  resembled  a  pear  tree, 
but  its  leaves  lasted  during  the  whole  year ;  its  stone  fruit  was 
very  sweet  and  wholesome,  and  the  wood,  which  was  black  and 
hard,  was  extremely  valuable.  In  the  Arabian  writers  of  the 
middle  ages,  we  may  still  find  descriptions  of  a  tree  which  they 
call  hback,  and  which  offers  all  the  characters  attributed  by  the 
ancients  to  their  persra,  but  thiR  tree  has  latterly  become  so  rare,  " 
at  least  in  Lower  Egypt,  that  botanists  have  not  been  able  to  fi: 
upon  it  with  certainty ;  some  of  them,  as  Clwaw.^,  ^ivWMSKsa 
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upon  his  authority,  have  given  the  name  of  persea  to  a  species  of 
laurel,  an  opinion  which  is  the  less  admissibly  as  this  laurei 
comes  from  America.  Others,  as  Schreber,  have  fancied  they 
found  it  in  the  sebestier  (cordia  mixa)  whose  viscous  fruit  is, 
however,  quite  different.  M.  Delisle  was  more  fortunate,  having 
observed  in  a  garden  in  Cairo  a  specimen  of  the  tree  called  by 
Linnaeus  ximenia  (egyptiaca,  he  perceived  it  possessed  most  of 
the  characters  of  the  persea,  the  iieight  was  from  18  to  20  feet, 
the  branches  thorny,  and  the  oval  perennial  leaves  more  from  one 
inch  to  an  inch  and  a  half  in  length,  which  traits  may  have 
occasioned  its  comparison  with  the  pear  tree  ;  its  fruit  is  in  the 
forn)  of  the  date ;  i^  sweet  when  ripe,  and  contains  a  kernel 
which  is  rather  ligneous.  When  M.  Dehsle  arrived  in  Upper 
Egypt,  he  met  with  two  others,  and  he  learned  from  the  inhabi- 
tants of  the  higher  country,  that  it  is  common  in  Nubia  and  in 
Abyssinia,  and  much  esteemed  in  Dafour.  Nevertheless  he 
could  not  learn  whether  the  inner  part  of  the  wood  is  black,  as 
the  ancients  say  is  the  case  with  respect  to  their  persea. 

The  tree  is  now  called  in  Nubia  eglig.  M.  Delisle  remarked 
in  it  peculiarities  sufficiently  marked  to  separate  it  from  the 
other  ximenia,  and  he  made  it  a  genus,  to  which  he  gave  the 
name  of  balatiites. 

Among  the  vegetables,  which  furnish  a  juice  of  a  milky  appear- 
ance, one  of  the  most  remarkable  is  that  which  the  Spanish 
colonists  have  called  the  cow  tree,  because  its  milk,  far  from 
having,  like  that  of  the  spurges  and  most  other  lactescent  plants, 
acrid  and  pernicious  qualities,  yields,  on  the  contrary,  a  whole- 
some and  agreeable  beverage.  M.  de  Humboldt  read  to  the 
Academy  a  description  of  this  tree,  and  of  the  experiments  made 
upon  the  juice  which  it  supplies.  This  celebrated  traveller,  not 
having  been  able  to  see  it  in  flower,  has  not  settled  its  genus ; 
but  to  judge  from  its  fruit,  it  seems  to  belong  to  the  family  of  the 
sapotillsB ;  it  is  tall ;  its  leaves  are  eight  or  ten  inches  long,  alter- 
nate, coriaceous,  oblong,  pointed,  and  marked  with  lateral  and 
parallel  ribs. 

When  incisions  are  made  in  it,  a  glutinous  milk  runs  out,  with 
a  very  pleasant  balsamip  smell,  of  which  the  negroes  drink  large 
quantities,  dipping  into  it  maize  bread,  or  tapioca,  and  this  food 
sensibly  fattens  them.  When  exposed  to  the  air,  some  pelli- 
cles are  formed  on  the  surface  which  acquire  as  they  dry  some- 
what of  the  elasticity  of  the  caoutchouc,  and  a  curd  is  separated, 
which  becomes  sour  in  time,  and  to  which  the  common  people 
give  the  name  of  cheese. 

M.  de  Humboldt  takes  this  opportunity  of  making  some  gene- 
ral reflexions  on  the  different  vegetable  milks,  whose  injurious 
qualities  depend  on  certain  poisonous  principles,  which  exist  in 
a  sufficiently  large  quantity  to  produce  sensible  effects,  such  as 
the  inorphiiim  in  opium,  but  m  Uve  Ax\o^t  poisonous  famihes, 
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there  are  some  species  of  which  the  juice  is  not  poisonous,  as 
the  euphorbia  balsamifera  of  the  Canaries,  and  the  asclepias  lac^ 
tifera  of  Ceylon. 

Messrs.  de  Humboldt  and  Bonpland  are  continuing  the  pub- 
lication of  their  great  botanical  work ;  it  is  entitled  "  Nova 
genera  et  Species  plantarum  Equinoctialium."*  The  third  volume, 
which  will  be  finished  in  a  few  months,  and  the  fourth,  which  is 
already  printed,  but  not  yet  pubhshed,  will  complete  the  series 
of  monopetalous  plants.  These  four  volumes  contain  more  than 
3000  new  species,  divided  into  623  genera,  of  which  neaaly  100 
are  new.  M.  Kunth,  who  is  a  correspondent  of  the  AcadenaV, 
and  has  undertaken  the  pubUcation  of  this  work,  describes  in  the 
family  of  the  composite  plants  nearly  600  species  classed  accord- 
ing to  a  method  pecuhar  to  himself.  Some  notes,  which  M. 
Humboldt  has  added,  give  an  account  of  the  heights  at  which 
the  plants  of  the  Cordilleras  grow,  and  contain  observations  oa 
the  distribution  of  vegetables  upon  the  surface  of  the  earth. 

Two  volumes  still  remain  to  be  published ;  t^ey  will  be  devoted 
to  the  polypetalous  plants. 

But  as  the  plan  adopted  respecting  the  nova  genera  et  specks 
does  not  admit  of  giving  figures  of  all  the  plants  collected  by 
these  travellers,  M.  Kunth  has  begim  to  give,  in  a  separate  work, 
entitled,  "  Mimoses  et  autres  Plantes  du  nouveau  Continent  de 
la  Famille  des  Legumineuses,"  a  selection  of  the  most  beautiful- 
species.  The  plates,  which  are  executed  with  all  the  splendour 
which  French  engraving  has  attained,  will  be  accompanied  by  a 
general  work  on  leguminous  plants.  The  figures  belonging  to 
the  first  number  of  this  monography  have  been  presented  to  the 
Academy. 

In  order  to  assign  to  each  genus  its  place  in  the  natural  order, 
M.  Kunth  was  obHged  to  study  particularly  all  the  families  of  the 
plants,  to  examine  the  immense  number  of  genera  and  species 
preserved  in  herbariums,  and  to  consult  all  the  authors  who  had 
already  treated  of  the  same  subjects.  In  consequence  of  these 
researches,  he  has  given  in  separate  memoirs  general  remarks  on 
the  families  of  the  gramineae,  of  the  cyperaceae,  of  the  piperaceae, 
of  the  aroideae  ;  and  since  that  he  has  considered  the  family  of 
the  bignonaceaB.  The  object  of  these  memoirs  is  either  to  point 
put  the  groupes  or  subdivisions  which  may  be  established  in 
these  famihes,  or  to  fix  the  characters  of  their  genera  with 
more  precision. 

At  the  same  time,  Mr.  Hooker,  the  learned  author  of  the 
Monograph  of  the  Jungermannia,  is  continuing  to  publish  in, 
London  the  cryptogamous  plants  which  M.  Humboldt  entrusted 
to  his  care.     He  has  united  these  plants  to  those  collected  by 

♦  Nova  genera  et  species  plantarum  qiias  in  peregrinatione  ad  plagyrm  aequinor- 
Itialem  orbis  novi  coHegerunt,  descripserunt  et  adumlnaxctvww  \\v\.  VkV\tv\jVAW^«v 
Al.  de  Ili^mboldt,  ^x  schedis  aulographis  A.  Bon^\Aiv4\\  \vi  Q\^i.\tic.\v\  ^\^^^\v^-'^' 
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M.  Menzies.     M.  Hooker's   work  bears  the  title  of  "  Musci 
Exotici,'* 

M.  Beauvois  continues  with  the  same  perseverance  the  publi- 
cation of  the  plants  he  collected  in  his  travels ;  and  this  year 
there  has  appeared  the  17th  number  of  his  "  Flore  d'Oware  et 
de  Benin^'^  which  we  have  already  mentioned  several  times. 

ZOOLOGY. 

The  Count  de  Lacepede^  having  had  the  use  of  some  very 
highly  finished  paintings^  brought  from  Japan  by  the  late  M. 
Titsing,  representing  many  subjects  of  natural  history,  of  which 
those  which  were  known  to  us  are  given  with  great  exactness, 
thought  he  might  regard  these  paintings  as  documents  sufficiently 
authentic  to  establish  even  the  species  which  are  not  kno^m  in 
any  other  way.  In  consequence  of  this,  he  composed  from  them 
a  description  of  several  cetaceous  species  which  have  not  yet 
been  observed  by  European  naturalists.  These  consist  of  two 
whales,  properly  so  called  ;  that  is  to  say,  without  a  dorsal  fin, 
four  balaenoti,  or  whales,  provided  with  such  a  fin,  one  physeter, 
or  cachelot,  with  a  dorsal  fin,  and  one  dolphin. 

The  author  gives  a  detailed  account  of  the  distinctive  charac- 
ters of  these  eight  animals,  ^forming  a  considerable  addition  to 
the  catalogue  of  known  cetaceous  animals,  which,  in  the  last 
work  of  M.  de  Lacepede  on  this  class,  did  not  exceed  34. 

M.  Cuvier  has  presented  the  head  of  an  orang-outang,  of 
middle  age,  sent  from  Calcutta  by  M.  Wallich,  Director  of  the 
Garden  of  the  Hon.  East  India  Company.  He  remarks  that 
the  heads  of  orang-outangs  hitherto  described  were  all  taken 
from  very  young  subjects,  which  had  not  yet  changed  their  first 
teeth,  that  which  he  placed  before  the  Academy,  being  of 
maturer  age,  has  a  more  prominent  snout,  and  more  receding 
forehead ;  some  traces  of  temporal  or  occipital  crests,   may  be 

f)erceived  in  it,  which  occasion  a  resemblance  to  the  head  of  the 
arge  monkey,  known  by  the  name  of  the  pongo  of  Wurmb. 
The  latter  having,  besides  all  the  sutures,  forms,  proportions, 
foramina,  and  cavities,  characteristic  of  the  orang-outang,  it  is 
not  impossible  that  the  large  monkey  of  Wurmb  maybe  nothing 
more  tnan  a  common  full-grown  orang-outang.  At  all  events  it 
is  certainly  a  species  of  orang,  although  M.  Uuvier  himself  has, 
from  the  comparative  smallness  of  the  scull,  been  led  into  the 
error  of  placing  it  among  the  mandrills,  and  other  long  snouted 
monkeys.  The  same  member  has  exhibited  the  figure  of  a  tapir, 
a  native  of  Sumatra,  and  now  alive  in  the  menagerie  of  the 
Governor-General  of  the  English  East  Indies,  the  Marquis  of 
Hastings,  it  differs  from  the  American  tapir,  in  respect  to  the 
whitish  colour  of  part  of  its  back,  while  the  rest  of  its  body  is  of 
a  very  dark  brown.  It  a?p^e^\^  ^tota.  '!v.\sve«iQvc  which  accompa- 
nied this  drawing,  and  \\\v\c\\  v^^^  %^\i\.  \a  ^*  ^>^\^\^\i^^. 
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Diard,  a  young  naturalist  in  the  East  Indies,  who  is  occupied  io 
scientific  researches,  that  this  species  of  quadruped  inhabits  not 
only  the  island  of  Sumatra,  but  hkewise  a  part  of  India  beyond 
the  Ganges.  Hitherto  the  genus  of  the  tapirs  had  been  supposed 
peculiar  to  America. 

M.  Moreau  de  Jonneo,  a  correspondent  of  the  Academy,  who 
intends  to  describe  particularly  the  different  reptiles  of  the 
Antilles,  and  who  began  that  work  last  year  by  a  very  detailed 
history  of  the  famous  yellow  viper,  or  fer  de  lance  of  Martinique, 
presented  this  year  to  the  Academy  a  memoir  on  the  species  of 
gecko,  called  in  that  island  mabouia  des  murailles,  and  which 
IB  no  other  than  the  thorny-tailed  gecko  of  Daudin.  This  ani- 
mal, which  has  a  hideous  aspect,  and  talons  which  give  him  the 
faculty  of  fastening  himself  so  as  to  walk  along  ceilings,  inhabits 
the  interior  of  houses,  where  it  principally  pursues  the  cock- 
roaches. 

The  inhabitants  have  a  great  dread  of  it,  attributing  noxious 
qualities  to  it,  and  have  given  him  the  name  of  mabouia,  because 
it  is  that  by  which  the  evil  spirit  is  known  among  the  Caribbeea. 
It  is  the  same  animal,  of  which  Acreliua  relates,  that  it  spits  out  a 
black  and  venomous  saliva,  and  it  has  been  mentioned,  but  very 
ill  described,  by  several  naturahsts  under  the  name  of  spectator. 
There  is  another  species  of  gecko  called  in  the  Antilles,  mabouia 
of  the  Bananas ;  it  grows  to  a  larger  size,  and  is  the  smooth 
gecko  of  Daudin ;  and  its  tail,  after  having  been  pulled  off,  fre- 
quently grows  again  larger  than  it  was  at  first.* 

These  remarks  are  the  more  interesting,  as  some  naturalists- 
had  erroneously  given  thename  of  mabouia  to  a  species  of  scinque. 

The  same  writer  has  given  another  memoir  respecting  a 
species  of  coluber,  which,  from  its  agility,  has  acquired  the  name 
of  runner  (coluber  cursor  gm).  It  is  a  timid  innocent  animal, 
destroying  a  great  number  of  snails,  and  very  carefully  protected 
by  the  inhabitants,  because  they  suppose  it  to  be  the  bitter 
enemy  of  the  fer  de  lance  viper,  but  that  is  an  error,  owing, 
according  to  M.  de  Jonnes,  to  their  having  confounded  it.wiUi 
a  large  species  of  boa,  which  no  longer  exists  at  Martinique. 

The  large  works  on  zoology  published  by  the  academicians, 
have  been  continued  with  zeal.  There  has  appeared  one  volume 
of  the  Animals  without  Vertebra;,  by  M.  Delamarck,  and  also 
some  numbers  of  the  "  Zoological  Observations  "  of  M.  Hum- 
boldt, and  of  the  insects  of  Africa,  by  M.  de  Beauvois. 
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ANATOMY  AND  PHYSIOLOGY. 

We  have  already,  in  our  analysis  of  last  year,  given  a  very 

*  The  fecka  trilli  a  Ihumj  [ail,  the  c^cku  |)or|ili]'r^,  and  thi      . 
according  lo  M.  Moreau  do  Jonnes,  Ihemme  ailiranl-,  Ihe^  bsVon?. \«  V\ve 'vaswA-j  »V 
the  heniiriaclj')  gecloB.    The  snioulh  jifcto,  ani  Ihe  jji^'Ui  '»'\**.'iti'i>\\s.t''«"'   "'"' 
jiw  fie  miat,  aad  belong  ru  the  thecodactjlii. 
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detailed  account  of  the  important  researches,  by  means  of  which 
the  Chevalier  Geoffroy  Saint  Hilaire  has  endeavoured  to  form  a 
comparison  between  the  bony  part^  of  the  branchial  apparatos 
in  fish,  and  those  which  perform  analogous  functions  in  the* 
skeleton  of  the  three  other  classes  of  animals  with  vertebra. 
This  learned  naturalist  has  this  year  presented  to  the  Academy 
several  new  memoirs  on  the  same  subject,  and  he  has  pubhshea 
the  whole  in  one  volume,  under  the  title  of  "  Anatomical  Philo- 
sophy, or  on  the  Respiratory  Organs,  considered  with  Respect  to 
the  Determination  and  the  Identity  of  their  bony  Parts,  with 
lOraezzotinto  plates. 

The  work  of  M.  Geoffroy  may  be  considered  in  three  different 
points  of  view ;  it  embraces, 

1 .  The  enumeration  and  description  of  all  the  bones  com- 
posing each  of  the  organs  which  contribute  to  respiration  in  fish, 
and  of  those  of  some  of  the  other  classes,  whenever  it  was 
necessary  to  the  plan  of  the  author  to  describe  them  anew. 

2.  The  resemblances  admitted  by  the  author  between  the 
bones,  which  had  hitherto  been  supposed  to  belong  exclusively 
to  fish,  and  those  which  he  considers  as  analogous  to  them  in 
other  animals  with  vertebrae. 

3.  The  conclusions  which  he  is  led  to  form  from  these  newly 
discovered  resemblances,  as  far  as  regards  the  nature  and  the 
destination  of  the  organs  to  which  these  parts  belong. 

M.  Geoffroy  has  thus  carefully  enumerated  and  described  all 
the  minute  p^rts  which  enter  into  the  large  branchial  apparatus ; 
those  which  form  the  boney  arches  on  which  the  gills  are  sus- 
pended ;  those  which  support  those  arches ;  those  annexed  to 
them  called  the  pharyngial  bones  ;  those  which  cover  them,  and 
bear  the  name  of  operculum,  &c.  He  informs  us  of  how  many 
bones  the  sternum  is  composed  in  the  different  classes  of 
animals  with  vertebrae,  and  how  these  parts  are  arranged  in 
them.  He  also  gives  new  and  curious  details  respecting  the 
composition  of  the  different  os  hyoides,  dnd  respecting  the  points 
of  ossification,  which  are  to  be  met  with  in  the  cartilages  of  the 
different  larynges,  and  likewise  on  the  resemblance  between  the 
upper  laiynx  of  birds  and  that  of  the  mammalia. 

This  part  of  his  work,  which  consists  of  positive  facts,  most  of 
them  new,  and  all  clearly  described,  will  always  remain  a  valuable 
acquisition  to  science. 

The  second  part,  which  establishes  the  analogy  of  the  bones 
of  which  we  have  just  spoken  with  those  of  the  superior  classes, 
presents  much  greater  difficulties,  as  may  have  been  seen  in  our 
last  analysis. 

According  to  M.  Geoffroy,  the  bones  which  form  the  .gill 
covers  correspond  with  the  frame  of  the  tympanum  and  the  small 
bones  of  the  ear,  the  bones  which  bear  the  branchiostegal  mem- 
brane, proceed  from  vxn  "mteYrcvv^Vvw^  o\\\\\.^\^^dX\Q>YL  q€  the  pieces 
of  the  sternum,  between  vJvovscoIl  \\\^o^\\^Q\^^*\HxNim-jicshx7>5>L'^^\ 
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position  of  this  bone,  whose  thyroidean  processes,  which  in  the 
mammalia  are  directed  backwards,  and  united  with  the  thyroid 
cartilage,  are  here  carried  forward,  and  changed  into  a  lingual 
bone  ;  and  lastly,  from  a  removal  of  the  sternum,  from  the  place 
it  occupied  in  tn»  first  three  classes  behind  the  clavicles,  or  the 
08  coracoides,  to  the  front  of  these  bones  where  it  is  placed 
under  the  throat.  The  lateral  pieces  which  unite  the  arches  of 
the  gills  to  the  ligament  which  carries  them,  correspond,  accord- 
ing-to  M.  Geoffroy,  with  the  points  of  ossification  of  the  thyroid 
cartilage,  and  with  the  arythenoid  cartilages  ;  the  lower  pharyn- 
igean  bones  with  those  of  the  cricoid  cartilage  ;  the  upper  ones 
to  a  flat  piece  which  may  have  detached  itself  from  the  sphenoid 
bone,  or  vnth  the  cartilaginous  part  of  the  eustachian  tube  ;  the 
branchial  arches  with  those  of  the  bronchia;,  and  the  small  bones 
which  stand  out  from  them  to  the  rings  of  the  trachea.  We  have 
already  given  an  account  of  these  resemblances  in  our  preceding 
analysis,  and  we  can  now  do  no  more  than  refer  to  the  full 
explanation  which  M.  Geoftroy  gives  of  them ;  all  the  reasons 
which  induced  him  to  give  to  each  the  degree  of  probability  it  is 
susceptible  of  are  there  detailed. 

With  respect  to  the  third  order  of  M.  Geoflroy's  ideas,  those 
concerning  the  really  essential  functions  of  the  organs,  it  may  be 
asserted  that  they  arise  partly  from  the  above-mentioned 
researches,  and  have  partly  been  formed  in  order  to  add  weight 
to  the  results  he  draws  from  these  researches. 

Consequently  M.  Geoffroy,  being  firmly  convinced  that  the 
perfectly  developed  bones  which  compose  the  gill  covers  of  fish, 
and  which  in  that  class  do  not  appear  to  serve  for  hearing,  are 
nothing  else  than  the  malleus,  the  incus,  and  the  other  small 
bones  of  the  ear  of  the  mammalia  on  a  larger  scale,  must  liave 
been  led  to  doubt  whether  these  bones  are  the  organs  of  hearing, 
even  in  the  animals  in  which  they  have  always  been  considered 
as  such,  and  to  regard  them  merely  as  a  sort  of  superfluity 
which  has  remained  incipient  (these  are  his  own  terms)  in  the 
animals  with  lungs,  and  indicative  of  an  organization  which  is 
vigorously  necessary  and  amply  developed  in  fishes. 

In  the  same  way,  having  supposed  that  he  foimd  in  the  bony 
apparatus  of  the  gills,  which  produce  no  sound,  all  the  bones  of 
the  larynx,  he  has  been  induced  to  believe  that  *^  it  is  not  upon 
true  and  solid  foundations  that  the  larynx  has  been  represented 
as  destined  for  the  voice,  as  the  principal  organ  of  the  voice," 
and  he  prefers  calling  it  "  the  first  ring  of  tne  windpipe,  the 
station  for  the  governors  of  the  breathing  organ,  and  the  assem- 
blage of  its  most  zealous  attendants." 

Nevertheless  it  is  our  duty  to  observe,  that  on  the  latter  sub- 
ject M.  Geoffroy  is  not  so  hostile  to  the  received  opinion  as  the 
efforts  he  makes  to  support  his  own  might  induce  one  to  believe ; 
for  he  does  not  dispute  that  in  animals  with  lungs  the  larYnx. 
serves  for  the  voice,  and  he  even  estaXAi^Yve^  ^  Tie.^  ^Ocv^o^-^  'vsi 
explain  bow  that  organ  performs  this  f\xiic\ioxi.    "Wvv&'ve*  -5^^^^^ 
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case  with  respect  to  that  part  of  his  work  in  which  M.  Geofiroj 
combats  the  existence  ot  a  lower  larynx  in  birds  ;  not  that  he 
denies  that  they  have  at  the  bottom  of  their  tracheoe  organic  dis- 
positions which  produce  sounds ;  he  only  means  to  say  that 
these  dispositions  do  not  consist  in  parts  similar  to  those  of  the 
upper  larynx^  which  no  person  indeed  had  ever  yentured  to 
asserts 

The  theory  peculiar  to  M.  Geoffiroy  of  the  voice  and  of  sound 
is  not  necessarily  dependent  on  his  anatomical  researches ;  it  is 
the  result  of  some  ideas  of  general  natural  philosophy,  which  he 
long  since  formed,  but  which  he  has  not,  on  the  present  occa- 
sion, developed  sufficienth^  to  allow  of  our  giving  an  account  of 
it.  We  shall  merely  say,  ne  considers  the  uiyroid  cartilage  as  a 
sonorous  body,  which  serves  as  a  table  of  harmony  to  the  vocal 
instrument,  and  attributes  to  the  variation  of  the  distance  between 
this  cartilage  and  the  os  hyoides  the  variations  of  tone. 

This  volume  is  terminated  by  a  memoir  on  the  bones  of  the 
shoulder.  The  author  long  ago  made  known  the  resemblances 
of  these  bones  in  fishes  to  ancdogous  bones  in  birds^  and  he  has 
indeed  been  led  by  this  circumstance  to  make  all  those  researches 
on  comparative  osteology,  of  which  we  have  more  than  once 
spoken  to  our  readers.  He  has  resumed  this  subject  in  a  more 
general  point  of  view,  and  considers  these  bones  as  having 
attained  in  fish  their  maximum  of  development  and  importance, 
by  serving  as  a  shield  to  the  heart,  a  support  to  the  diaphragm, 
and  a  stretcher  to  the  gills. 

To  conclude,  we  shall  here  repeat  the  invitation  we  have 
already  given  to  naturalists,  to  consult  a  work  filled  with  new 
and  interesting  facts,  and  from  which  much  may  be  learned 
even  on  those  points,  respecting  which  we  may  not  be  able  to 
adopt  all  the  opinions  of  the  author. 

M.  Edwards  has  continued  the  curious  experiments  which  he 
began  last  year  on  the  respiration  of  frogs  ;  he  had  then  con- 
vinced himself  the  presence  of  air  is  useful  in  prolonging  the 
Ufe  of  these  animals,  when  circulation  and  pulmonary  respiration 
have  ceased ;  that  water  causes  them  to  perish  more  quickly  than 
a  solid  covering,  and  the  more  quickly  in  proportion  as  it  is  less 
impregnated  with  air ;  and  he  has  this  year  occupied  himself 
more  particularly  about  the  influence  of  the  air  contained  in 
water,  and  that  of  the  temperature  to  which  this  liquid  is  raised. 
He  has  proved  that  the  deleterious  effects  of  the  water  diminish 
with  the  tenaperature.  Frogs  have  lived  twice  as  long  in  water 
at  10°  (50°  Fahr.)  as  in  water  at  15°  (59°  Fahr.),  and  thrice  as 
long  in  water  at  0°  (32°  Fahr.).  On  the  contrary,  their  life  is 
shortened  by  nearly  one  half  at  22°  (72°  Fahr.)  by  more  than 
three  quarters  at  32°  (90°  Fahr.)  and  they  perish  instantaneously 
upon  being  plunged  into  water  at  42°  (107°  Fahr.)  The  coldness 
of  the  atmosphere  before  the  operation  is  also  a  circumstance 
/avourable  to  the  lengtWtvvcv^  o^  xXvi^vt  ^^\atA!\ce  in  cold  water. 
The  quantity  of  air  contivxi^dL  m>Jci^  vi^\«^,  ^^  NOewsska  ^^\fcA 
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water  employed,  and  the  frequent  renewal  of  that  water,  are 
circumstances  which  likewise  contribute  to  it,   each  in  such 

Sroportions,  and  with  such  hmitations,  as  M.  Edwards  has 
etermined  by  numerous  experiments,  which  were  made  with 
every  precaution  of  the  most  accurate  natural  philosopher. 

Frogs  can  live  for  several  months  between  0°  (32°T'ahr.)  and 
10°  (60°  Fahr.)  in  a  quantity  of  10  quarts  of  aerated  water, 
which  ia  renewed  once  every  day ;  the  action  which  the  air  of 
this  water  exercises  on  their  skin  is  sufficient  for  their  existence 
without  their  lungs  being  required  to  be  brought  into  play,  but 
at  10°  and  upwards  they  can  only  live  by  rising  to  breathe  the 
air  on  the  surface.  If  they  are  confined  under  the  water  at  \i° 
or  14°  (63°  or  57°  Fabr.)  for  example,  they  perish,  whatever  care 
may  be  taken  to  renew  it,  in  one  or  two  aays ;  a  running  stream 
will  sometimes  enable  them  to  support  a  more  elevated  tempera- 
ture under  water ;  some  of  them  support  it  as  high  as  22°  (or  73° 
Fahr.) 

These  experiments,  independently  of  their  interest  with  respect 
to  the  general  theory  of  the  action  of  air  on  the  blood,  explain 
several  singular  IraJts  in  the  economy  of  these  animals,  and  par- 
ticularly the  extraordinary  difference  in  their  manner  of  living  in 
winter  and  in  summer, 

(T-u  be  CBnIiaued.) 
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SCIENTIFIC    INTELLIOENCE,    AND    NOTICES   OF    SUBJECTS 

CONNECTED    WITH    SCIENCE. 

I.  Piypulat ion  of  Glasgow. 
An  actual  survey  to  determine  the  population  of  Glasgow  was  ] 
terminated  on  Feb.  26,  1820.     The  following  is  an  abstract  of-,] 
the  information  derived  from  this  survey  : 

Population  of  the  10  parishes  within  the  Royalty 

Barony  Parish. 

Anderstou  district 7,113 

St.  Vincent-street  and  the  Blythawood 

estate  district 7,941 

Port  Dundas  district 7,598 

Calton  and  Mile-end  district 15,616 

Bridgeton  district 13,593 

^'-861 

Gorbal's  parish,  including  Hutchesontown,  Lauriestown, 

and  Tradestown 'iV,7&'?. 
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iVs  fievcnJ  thousand  persons  had  left  the  [K)piilation  district 
for  want  of  work  during  the  few  months  which  preceded  the 
enumeration,  and  as  some  of  these  persons  may  be  expected  to 
return,  the  population  may  be  safely  stated  at  150,000. 

It.  Colouring  Matter  of  a  Lichen  which  grows  on  the  Bark  of  the 

Brucea  Anti-di/senterica. 

This  lichen  had  an  intense  yellow  colour.  It  was  subjected 
to  a  chemical  examination  by  MM.  PeUetier  and  Caventou. 
They  first  digested  it  in  sulphuric  ether  till  every  thing  soluble 
in  that  principle  was  taken  up.  Nothing  was  dissolved  by  the 
ether  but  a  soUd  oil,  of  a  greenish-yellow  colour,  and  a  mild  taste, 
and  possessing  the  usual  characters  of  the  fatty  matter  of  plants. 
The  lichen  was  now  digested  in  successive  portions  of  hot  alco- 
hol, till  that  liquid  refused  to  dissolve  any  thing  more.  The 
alcoholic  solutions  had  a  veiy  intense  colour.  The  alcohol  was 
distilled  off,  and  there  remained  a  yellowish-red  matter,  which 
attracted  humidity  when   exposed  to  the   air.    Water  being 

SQUfed  upon  it  dissolved  a  yellow-colouring  matter,  and  left  a 
ripk-red  powder,  which  was  destitute  of  taste  and  smeU,  and 
perfectly  insoluble  in  water.  By  boiling  it  repeatedly  in  water, 
it  was  freed  from  the  remains  of  the  soluble  colouring  matter, 
which  still  might  remain  mixed  with  it. 

This  substance  is  a  powder  of  a  reddish-yellow  colour,  inso- 
luble in  cold  water,  and  almost  equally  so  in  boiling  water.  It 
dissolves  with  facility  in  alcohol ;  but  is  insoluble  in  sulphuric 
ether.  When  exposed  to  heat,  it  gives  out  the  usual  products 
of  vegetable  bodies  with  some  traces  of  ammonia,  indicating  the 
presence  of  azote  as  one  of  its  constituents.  When  concentrated 
nitric  acid  comes  in  contact  with  it,  it  assumes  a  fine  green 
colour.  This  colour  is  removed  by  the  action  of  water,  and  by 
most  of  the  salifiable  bases.  It  is  owing  to  a  combination  of  the 
colouring  matter  of  the  lichen  with  nitric  acid, 

Svdphuric  and  muriatic  acid  facilitate  the  solution  of  this 
colouring  matter  in  water ;  but  they  at  the  same  time  alter  its 
nature  ;  for  it  is  now  very  soluble,  and  is  not  rendered  green  by 
the  action  of  nitric  acid.  This  colouring  matter  is  not  acted 
upon  by  weak  alkaline  leys  ;  but  the  concentrated  solutions  of 
the  alkalies  decompose  it. — (Journ.  de  Pharm.v.  546.) 

III.  Curious  Effect  produced  hy  kneading  powdered  Guaiacum 

and  good  Wheat  Flour. 

M.  Taddey  observed  that  when  the  powder  of  guaiacum  and 
good  wheat  flour  are  kneaded  together  with  the  requisite  quan- 
tity of  water  in  contact  with  atmospherical  air,  the  mixture 
assumed  a  fine  blue  colour.  M.  Rudolphi,  whom  he  employed 
to  examine  the  action  of  these  bodies  on  each  other,  made  the 
following  observations :  1 ,  when  the  powder  of  guaiacum  and  pure 
stock  are  kneaded  togelWi^  wo  \Aw^  e.c?^o\x\  '\^  des^loi^ed  ;^  2,  the 
jpovvder  of  guaiacum  scaxce\^  \i^co\xv^B»\i\\vfc  v^\\^w  V^^^^iA&^^^^iJicw 
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any  meal  or  flour,  which  contains  but  little  gluten ;  3,  it  does 
not  acquire  a  blue  colour,  when  the  wheat  flour  has  undergone 
any  great  alteration  in  its  quahtiea  ;  4,  when  gluten  or  zimomeis 
kneaded  with  powdered  guaiacum,  a  very  tine  blue  colour  ia 
instantly  developed. 

From  these  observations,  Rudolph!  concludes  that  the  powder 
of  guaiacum  is  an  excellent  reagent  for  determining  whether 
wheat  flour  be  of  a  good  quality,  and  whether  it  has  undergone 
any  alteration. — (Giomale  di  Fiaica,  Chemica,  Sec.  second 
bimestre,  1819.) 

IV.  Substances  capable  of  dcvelopijtg  a  Blue  Colour  in  the  Alca- 

kolk  Solution  of"  Guaiacum. 

From  the  experiments  of  M.  Planche,  it  appears  that  the  fresh 

roots  of  the  following  plants  are  capable  of  producing  a  blue 

colour,  when  introduced  into  an  alcohohc  solution  of  guaiacum: 

Symphytum  consolida,  Arctium  lappa, 

Leontodon  taraxacum,  Colchicum  autumnale. 

Iris  germanica,  Saponaria  officinalis, 

Cichorium  intybus,  Fuoiaria  officinalis, 

Eryngium  campestre,  Coclilearea  officinalis, 

Nymphfea  alba,  Scrophularia  officinahs, 

Solaimm  tuberosum,  Rumex  acetosa, 

Bryonia  dioica,  Scorzonera  hispanica, 


Inula  heienium, 

Althaea  officinahs,  Borago  olGcinaUs, 

Daucus  carota,  Angelica  archangelica, 

Glycyrrhiza  glabra,  Allmm  ctepe. 

Napis  sativa, 

V.  Substances  which  do  not  strike  a  Blue  Colour  with  the  Alco- 
holic Solution  of  Guaiacum. 
M.  Planche  has  found  that  the  fresh  roots  of  the  following 

plants   do   not  affect  the   colom-  of  the  alcoholic  solution   of 

guaiacum : 

Rumex  acutus, 

Polypodium  filex  mas, 

Fragaria  vesca. — (Journ.  de  Pharm.  vi.  1 8-) 

VI.  Indigo. 

The  indigo  of  commerce  is  very  far  from  pure,  being  mixed 
with  nearly  half  its  weight  of  foreign  substances,  I  attempted 
to  obtain  it  in  a  state  of  purity  by  sublimation ;  but  after  a  good 
many  trials,  I  was  obliged  to  renounce  that  method  without 
accomplishing  my  object;  for  how  carefully  soever  I  regulated 
the  heat,  I  always  found  that  at  the  subliming  temperature,  the 
greatest  part  of  the  indigo  was  destroyed.  I  succeeded,  however, 
in  procurmgafew  grains  of  pure  indigo  b^au\)Viiaa<\'au,-w^fi.dsA«^a- 

Voi--  XV.  N"  VI.  2  G 
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jected  to  analysis,  by  heating  it  to  redness  with  peroxide  of  copper; 
but  my  stock  of  indigo  was  exhausted  before  i  was  able  to  satisfy 
myself  with  regard  to  the  proportions  of  the  different  constitu- 
ents. I,  therefore,  had  recourse  to  the  indigo  vat,  as  it  is  used 
by  the  calico  printers,  and  by  means  of  it  easily  procured  as 
much  pure  indigo  as  I  had  occasion  for. 

In  tne  indigo  vat,  as  used  by  the  calico  printers  and  dyers  in 
general,  the  mdi^o  is  deprived  of  its  blue  colour  by  means  of 
protosulphate  of  iron,  and  then  dissolved  in  water  either  by 
means  of  an  alkali  or  of  lime.  The  solution  is  greenish-yellow, 
and  when  lime  is  the  solvent,  the  quantity  in  solution  did  not 
appear  in  various  trials  which  I  made  ever  to  exceed  what  lime- 
water  was  capable  of  dissolving.  It  was  only  necessary  to  dip 
a  glass  phial  pretty  deep  in  the  indigo  vat,  and  fill  it  with  the 
clear  solution.  On  pouring  the  liquid  from  the  phial  into 
another  vessel  in  the  open  air,  the  indigo  immediately  absorbs 
oxygen,  recovers  its  blue  colour,  and  becomes  insoluble  in  water. 
By  digesting  the  blue  pigment  thus  obtained  in  dilute  muriatic 
acid,  1  removed  all  the  carbonate  of  Ume  with  which  it  might  be 
mixed,  and  even  the  iron,  if  any  happened  to  be  present.  The 
residual  blue  powder  1  considered  as  pure  indigo.  By  repeated 
trials  with  peroxide  of  copper,  I  satisfied  myself  that  the  consti- 
tuents of  indigo  are  as  follows  : 

7  atoms  carbon s=  5*25 

6  atoms  oxygen =  6*00 

1  atom  azote =  1*75 

13-00 

So  that  it  contains  three  different  constituents,  and  is  a  com- 
pound of  14  atoms.  The  weight  of  an  integrant  particle  of  it 
is  13. 

It  appears  from  this  analysis  that  indigo  contains  a  very  con- 
siderable proportion  of  oxygen ;  for  its  constituents  in  the  100 
parts  are  as  follows  : 

Oxygen 46*154 

Carbon , 40*384 

Azote 13*462 

100*000 

Indigo,  when  it  becomes  soluble  in  alkalies  or  alkaline  earths, 
always  loses  its  blue  colour,  and  becomes  greenish-yellow.  The 
instant  that  this  solution  is  exposed  to  tho  air,  or  to  oxygen  gas, 
the  indigo  recovers  its  blue  colour,  and  falls  down  in  an  insola- 
ble  powder.  Hence  it  is  obvious  that  it  acquires  its  blue  colour 
by  absorbing  oxygen,  and  consequently  that  the  blue  pigment 
contains  more  oxygen  than  the  greenish-yellow,  I  ascertained 
by  trial  how  muca  mdvgo  vi^s»  coxv\ai3afc4L\sw  ^  ^ven  weight  of  the 
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greenish-yellow  Bolution  from  tlie  indign  vat*  i  then  let  up  a 
determinate  quantity  of  tlie  liquid  into  a  graduated  glass  tube 
filled  with  mercury,  and  standing  on  the  mercarial  trough.  This 
done,  I  let  up  a  certain  number  of  cubic  inches  of  oxygen  gaa 
into  the  same  tube,  and  allowed  the  tube  to  remain  inverted  over 
the  mercury  till  the  whole  of  the  indigo  was  precipitated  in  the 
state  of  a  blue  pigment,  and  till  the  oxygen  gas  ceased  to  dimi- 
nish in  bulk.  The  loss  of  bulk  which  the  oxygen  gas  sustained, 
together  with  the  known  weight  of  the  indigo  present,  enabled 
me  to  determine  how  much  oxygen  was  necessary  to  convert 
the  greenish-yellow  soluble  pigment  into  blue  insoluble  indigo. 
The  result  of  three  experiments  made  in  the  way  just  described 
was  nearly  the  same,  and  was  as  follows : 

Indigo  in  the  state  of  a  greenish-yellow  soluble  pigment,  or 
the  soluble  basis  of  indigo,  as  it  is  c^ed,  is  composed  of 

6  atoms  oxygen =  5-00 

7  atoms  carbon =  5*25  ' 

1  atom  azote =   1"75 

12-00 

So  that  it  is  a  compound  of  13  atoms,  and  the  weight  of  an 
integrant  particle  of  it  is  12.  The  addition  of  a  single  atom  of 
oxygen  renders  the  colour  blue  and  the  pigment  insoluble.  Thua 
it  appears  that  the  blue  pigment  differs  From  the  greenish -yellow 
soluble  basis  merely  by  containing  one  additional  atom  of 
o'tygen. 

Thus  indigo  exhibits  a  striking  refutation  of  the  old  notion 
that  acidity  is  owing  to  the  union  of  oxygen  with  an  acidifiable 
basis.  The  blue  pigment  is  soluble  in  sulphuric  acid,  and  when 
recently  obtained  oy  precipitation,  itmay  be  dissolved  in  several 
other  acids  ;  but  no  alkaline  substance  that  i  have  tried  is  capa- 
ble of  combining  with  it.  Hence  it  appears  to  possess  alksline 
properties,  or  at  least  to  approach  much  nearer  the  nature  of  a 
eatfiable  base  than  of  an  acid  ;  but  when  we  deprive  it  of  an 
atom  of  oxygen  by  means  of  protosulphate  of  iron,  or  any  sub- 
stance which  has  a  strong  affinity  for  oxygen,  it  acquires  a 
greenish-yellow  colour,  and  becomes  capable  of  combining  with 
the  alkahes,  and  with  lime,  barytes,  and  strontian,  and  perhaps 
also  with  other  salifiable  bases.  It  has,  therefore,  acquired  acid 
properties,  or  at  least  approaches  much  more  nearly  to  the 
nature  of  an  acid  than  it  did  while  in  the  state  of  a  blue  pigment. 
Thus  the  addition  of  oxygen  gives  indigo  alkaline  qualities,  and  _ 
the  abstraction  of  oxygen  gives  it  acid  properties.  _         M 

Should  any  person  thiri  of  repeating  these  experiments,  it       H 
may  be  necessary  to  put  him  on  his  guard  against  a  resinous       " 
substance,    which  indigo  often,   if  not  always,  contains,  and 
which  1  have  found  to  dissolve  with  it  in  alkalies  ^■fti\Ktas-"«'aM«  > 
and,  therefore,  to  contaminate  the  pure  raiv^o  obfeavcvftft.'«'a«iV»^ 
jndiim  vat.     Its  presence  for  a  long  tivne  iecewe^  t»«i  ''*■*"       -_ 
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me  into  the  notion  that  hydrogen  was  a  constituent  of  indigo. 
It  is  obvious  that  this  resinous  substance  is  easily  ^ot  rid  of  oy 
digesting  the  indigo  recovered  from  the  indigo  vat  in  a  sufficient 
qutotity  of  alcohol. 

VII.  Common  Rosin. 

Modem  chemists  have  very  much  neglected  the  characters  of 
resinous  bodies^  though  the  science  is  now  sufficiently  advanced 
to  enable  us  to  discriminate  them  with  precision  from  each  other, 
and  even  to  determine  their  constituents.  I  intend,  therefore, 
occasionally  to  introduce  into  the  Annals  of  Philosophy  an 
account  of  the  experiments  which  I  have  occasionally,  and  at 
long  intervals,  msule  upon  these  bodies,  both  with  respect  to 
their  characters  and  composition^  I  shall  be^n  with  common 
rosin,  as  constituting  the  common  type  to  which  all  the  others 
have  been  referred. 

Common  rosin,  as  purchased  in  the  shops,  is  a  semitransparent 
brittle  resin,  of  a  yellow  colour.  Sometimes  it  has  a  slight 
smell  of  turpentine,  and  sometimes  is  nearly  destitute  of  all 
smell.  In  the  first  case,  it  is  probably  contaminated  by  some 
oil  of  turpentine. 

The  specific  gravity  of  common  rosin  I  found  to  be  1*080. 
Alcohol,  of  the  specific  gravity  0:835,  dissolves  the  eighth  part 
of  its  weight  of  it  at  the  temperature  of  60®.  The  solution  is 
yellowish,  and  perfectly  transparent.  When  exposed  to  a  mode- 
rate heat,  the  alcohol  nies  off,  and  leaves  the  rosin  in  the  state 
of  a  semitransparent  mass,  of  a  much  darker-brown  colour  than 
before  the  solution,  and  exactly  similar  in  appearance  to  rosin 
that  has  been  kept  for  some  time  in  a  state  of  fusion.. 

When  common  rosin  is  heated  to  the  temperature  of  156°,  it 
becomes  viscid,  and  of  the  consistence  of  common  turpentine. 
As  the  heat  increases,  the  rosin  swells  up,  and  becomes  filled 
with  bubbles.  This  is  owing  to  a  quantity  of  water,  and  proba- 
bly also  of  oil,  which  is  separated  from  it  by  the  action  of  the 
heat.  When  heated  to  the  temperature  of  276°,  it  becomes 
quite  fluid ;  and  if  it  be  kept  a  sufficient  time  at  that  temperature, 
it  loses  all  its  water,  and  remains  in  the  state  of  a  reddish-yellow 
liquid.  When  allowed  to  cool,  it  concretes  into  a  reddish- 
yellow  rosin  ;  much  darker  coloured  than  before,  and  obviously 
altered  in  its  constitution. 

To  deteimine  the  constituents  of  rosin  in  the  state  in  which  we 
find  it  exposed  to  sale,  I  heated  a  grain  of  it  in  the  apparatus, 
which  I  have  described  in  a  former  paper,  with  peroxide  of 
copper.  The  mean  of  two  experiments,  which  scarcely  differed 
froni  each  other,  gave  the  following  results  : 

5  cubic  inches  of  carbonic  acid. .  =  0*6324  gr.  carbon 
1*05  gr.  of  water =  0*1 164  gr.  hydr. 

Total •  •  =^*14&^ 

Deficiency-  . ^  =  ^^'^'^'^  ^^- 


1 
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This  I  ascribe  to  oxygen  which  the  rosin  contained.  Hence 
it  follows  that  a  grain  of -osin  is  composed  of  the  following  con- 
stituents : 

Carbon 0-6324 

Hydrogen 0-1164 

Oxygen 0-2612 


1-0000 


Now  if  we  convert  these  respective  weights  into  volumes,  we 
shall  find  them  aa  follows  : 

Carbon 5      cubic  inches 

Hydrogen ^\ 

Oxygen 0-75 

Now  a  volume  of  carbon  andhydrogenis  equivalent  to  an  atom, 
and  half  a  volume  of  oxygen  is  equivalent  to  an  atom.  Of  con- 
sequence the  constituents  of  conunon  rosin  is  atoms  are  as 
follows  : 

6    atoms  carbon =  3-7500 

&i  atoms  hydrogen =  0-6876 

1^  atom  oxygen =   1*5000 

5-9375 

Or,  doubling  each  constituent  to  get  rid  of  the  half  atoms,  we  ' 
obtain 

10  atoms  carbon =  7-500 

1 1  atoms  hydrogen =   1-375 

3  atoms  oxygen. =  3'000 

11-876 

Rosin  kept  for  some  time  in  a  Btate  of  fusion  at  the  tempera- 
ture of  276  was  subjected  to  analysis  in  the  same  way. 

I  obtained  4-049  cubic  inches  carbonic  acid  =  0-618  gr.  carb. 
Water,  0-2  gr =  0-0-22  gr.  hyd. 

0-540 

Loss =  0-460 

This  loss  I  ascribe  to  oxygen. 

These  quantities  converted  into  volumes  become : 

Carbon 4    cubic  inches. 

Hydrogen 1 

Oxygen I4. 

This  is  equivalent  to 

4  atoms  carbon.  , .  =  3-000  or  8  atoms  carbon.  . .  ^  6*00 

1  atom  hydrogen . .  =  0-126       2  atoms  hydrogen  .  =  0-26 

■     3  atoms  oxygen  . .  =  3-000       6  atQm%  ox-j^fo., ..  ■=  ^^*i 

6-125 
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60  that  by  the  heat  two  atoms  of  carbon  and  nine  atoms  of 
hydrogen  are  remoTed,  while  the  atoms  of  oxygen  are  doubled. 
From  this  we  see  that  a  considerable  proportion  of  oil  must  have 
been  driven  off  by  the  heat. 

VIII,  Morphia. 

I  find  the  ieasiest  method  of  obtaining  morphia  in  a  state  of 
purity  is  tiie  following:  Into  a  strong  mfusion  of  opium  pour 
caustic  ammonia.  Separate  the  brownish-white  precipitate  by 
the  filtier.  Evaporate  the  inf\ision  to  about  one-«ixth  of  its 
volume,  and  mix  the  concentrated  liquid  with  mqre  ammonia. 
A  new  deposit  of  impure  morphia  is  obtained.  Let  the  whole  of 
this  deposit  be  collected  on  the  filter,  and  washed  with  cold 
water.  When  well  drained,  pour  a  little  alcohol  on  it,  and  let 
the  alcoholic  liquid  pass  through  the  filter.  It  will  carry  off  a 
tfood  deal  of  the  cdouring  matter,  and  very  little  of  the  morphia. 
Dissolve  the  impure  tnor^a  thus  obtained  in  acetic  acid,  and 
tnix  the  solution,  w^hich  has  a  very  deep-brown  colour,  with  a 
sufiicient  quantity  of  ivory  black.  This  mixture  is  to  be  fre- 
quently agitated  for  24  hours,  and  then  thrown  upon  the  filter. 
The  liquia  passes  through  quite  colourless.  If  ammonia  be  now 
dropped  into  it,  pure  morphia  falls  in  the  statie  of  a  white  powder. 
If  we  dissolve  this  precipitate  in  alcohol,  and  evaporate  that 
liquid  slowly,  ^e  obtain  the  morphia  in  pretty  regular  crystals. 
It  is  perfectly  white,  has  a  pearly  lustre,  is  destitute  of  smell, 
but  has  an  intensely  bitter  taste,  and  the  shape  of  the  crystals 
in  all  my  trids  was  a  four-sided  rectangular  prism. 

When  one  grain  of  pure  morphia  is  passed  slowly  through  red- 
hot  peroxide  of  copper,  it  is  converted  entirely  into  carbonic  acid 
and  water.  The  water  obtained  in  four  successive  experiments 
was  always  0*5  gr.  The  carbonic  acid  gas  amounted  to  3-58 
cubic  inches,  supposing  the  barometer  to  stand  at  30  inches, 
and  the  thermometer  at  60°. 

Now  0*5  gr.  water  contains 0'0555  gr,  hydrogen 

3*58  cubic  inches  of  car.  acid  0*4628  gr.  carbon 

Total =  0*5083 

There  is  wanting  0*4917  gr,  to  make  up  the  original  weight  of 
the  morphia,  This  deficiency  must  be  owing  to  the  morphia 
containing  a  quantity  of  oxygen  equal  to  it  in  weight. 

It  follows,  from  the  preceding  data,  that  the  constituents  of 
niorphi^  are  as  follows  ; 

Hydrogen,  .,..,.  , ^ .  0'0565 

Carbon 0-4528 

Oxygen, 0-4917 

1-0000 

JVoiv  when  these  we\§\i\;s  «i«e  Q^\^x\^^^^  mV^  NvX\Msvii%,  vVii^^ 
Aiaount  very  nearly  to 
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18  volumes  hydrogen, 

24  volumes  carbon, 

10  volumea  oxygea. 
Tliis  is  equivalent  to 

18  atoms  hydrogen =     2-25   ......     6-69 

24  atoms  carbon =   18-00   44-72 

20  atoms  oxygen =  20-00   49-69 

40-25  100-00 

So  that,  if  the  preceding  analysis  be  correct,  the  weight  of  an 
integrant  particle  of  morphia  is  40-25. 

The  reader  will  easily  perceive  that  we  might  consider  this 
eubstance  as  a  compound  of  only  half  the  preceding  number  of 
atoms,  or  of 


9  atoms  hydrogen  . 
12  atoms  carbon  . . , 
10  atoms  oxygen . . . 


,  =     1-125 

,  =     9-000, 
,  =   10-000 


20-125 

On  that  supposition  tlie  equivalent  number  for  it  would  only 
be  20- 125.  Perhaps  this  last  estimate  maybe  the  most  correct; 
but  the  analyses  of  the  salts  of  morphia,  published  by  Robiquet 
and  by  Pelletier  and  Caventou,  give  an  equivalent  number  for 
morphia  not  far  short  of  40,  This  is  my  reason  for  considering 
it  as  a  compound  of  62  atoms  rather  than  of  31  j  either  of  which 
is  equally  indicated  by  the  analysis. 
IX.  New  Projection  of  the  Sphere.     By  Capt.  J.  Vetch,  R.E. 

In  this  projection  the  globe  is  supposed  to  be  inscribed  in  a 
cyhnder,  tae  axes  of  the  globe  and  cylinder  being  at  right  angles 
to  each  other,  and  their  surfaces,  therefore,  coinciding  at  a  meri- 
dian. The  eye  is  supposed  to  remain  at  rest  in  the  centre  of  the 
globe,  and  each  point  in  the  earth's  surface  is  transferred  to  that 
of  the  cylinder  by  a  right  line  passing  from  the  earth's  centre 
through  that  point.  The  cyhnder  being  then  unravelled,  a  view 
of  the  earth  is  obtained  on  a  plane  surface.  A  sketch  of  the 
earth's  surface  upon  this  projection  has  been  published  by  the- 
author,  accompanied  by  a  short  account  of  its  principles. 

X.  Excrement  of' the  Chamtsleonis  Vulgaris.     By  Dr.  Prout. 

A  small  portion  of  the  excrements  of  this  animal  was  given  me 
for  examination  by  Dr.  Leach,  It  consisted  partly  of  a  fine 
powder,  of  a  bright  lemon-yellow  colour,  and  partly  of  lumps 
composed  of  the  same  powder  loosely  agglutinated.  On  exami- 
nation, it  was  found  to  be  chiefly  composed  of  the  litliate  or  urate 
of  ammonia,  and  a  little  colouring  matter.  Hence,  as  indeed  I 
had  expected,  its  composition  was  precisely  the  same  as  that  of 
the  urinary  excrement  of  the  boa  constrictor  and  lizdrd  tribe,  as ' 
previously  ascertained  by  Dr.  J.  Davy,  awA  Hv^a'^S.  'Wva  ^*^'''^, 
of  thia  animal  is  said  to  consist  of  lUe  VxatoutMa  \.e.«^«N."i'*i  ■***»■ 
the  larvae  of  the  tenebria  molitor.  *  _■ 
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Bushey  Heath,  near  Stanmore. 

Latitude  SP  37'  44*87''  North.    Longitode  West  in  time  1'  20-93". 


Magnetical  Observations,  1820.  —  Variation  West. 
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Raio,  by  the  pluviameter,  between  noon  the  1st  of  April, 
and  noon  the  1st  of  May,  1 '506  inch.  The  quantity  that  fell 
on  the  roof  of  my  observatory,  during  the  same  period,  1-495 
inch.  ETaporation,  between  noon  the  let  of  April,  and  noon 
the  lat  of  May,  375  inches. 
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REMARKS. 

Fourth  MetUh. — 1.  Cloudy:    windy.    2.  Cloudy.    3.  Calm:    close:  overcast. 
4.  Cirrus:  Cirrocumuhu:  clear.    5.  Cimu:  Cirrocumului,    6.  Cloudy:  showers. 

7.  Hoar-frost :  some  gentle  showers  during  the  day  :  a  few  flakes  of  snow,  p.m. 

8.  Hoar-frost:  cloudy:  showers.  9.  Showery:  fine.  10.  Windy  rooroing: 
beavy  squalls,  with  showers,  most  of  the  day :  some  thunder  clouds,  and  a  rainbow, 
p.m.  11.  Showery.  12.  Overcast.  IS,  14.  Rainy.  15.  Fine:  Cirrus:  Cirro- 
cumulus.  16—24.  Fine,  with  Cirrus  at  intervals.  25,  26.  Cloudy.  27.  Some 
gentle  rain  this  morning :  the  wind  strong  and  cold  from  N  E.  The  swallows  made 
their  appearance  about  five  this  morning  in  great  numbers.  28, 29.  Fine.  30.  A 
gentle  shower  about  nine,  a.  m. 


RESULTS. 

Winds:  N,2j  NE,5;  NW,8;  W,  Ij  SW,  T;  SE,4;  E,2j  Var.  I. 

Barometer:  Mean  height 

For  the  month 29*984  inches. 

For  the  lunar  period,  ending  the  6th 29-974 

For  IS  days,  ending  the  10th  (moon  south) 29*790 

For  14  days,  ending  the  24th  (moon  north) 30*  127 

Thermometer:  Mean  height 

For  the  month 49'385o 

For  the  lunar  period,  ending  the  6th 48*258 

.    For  SO  days,  the  sun  in  Aries 48*883 

Hygrometer :    Mean  for  the  month 77*9 

Ev.iporation 2*95  inch. 

Rain 1*58 

Laboratory^  Stratford,  Fifth  Month^  22,  1820.  L.  HOWARD. 


•«♦  A  letter  received  from  a  friend  in  Philadelphiay  says,  under  date  Fourth 
WLonthy  Sd,  "  After  some  dajfS  of  fine  spring  weather,  we  yesterday  had  a  snow 
storm  of  10  hours  continuance,  which  covered  the  ground  about  five  inches  deep  ; 
but  tlie  weather  is  again  mil^,  and  the  snow  has  nearly  disappeared." 

The  reader  is  desired  to  compare  with  this  account  the  changes  from  warmth  to 
cold  experienced  with  us  in  the  early  part  of  this  nr.onth  ;  and,  in  particular,  the 
depression  of  the  temperature  by  night  (or  minimum)  between  the  2d  and  3d  ;  and 
that  by  day,  between  the  5th  and  6tb  of  the  month,  which  was  continued  through 
leveral  days  following. 
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